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STOCKTAKING 
IN RESEARCH 


W": such a volume of new technical 
information as is published to-day, it 
would almost seem possible for a firm to 
undertake no original work on its own 
account but to rely, instead, on applying 
the findings of others. It has, indeed, been 
said that the application of published 
information is already more necessary and 
urgent than any attempts to break new 
ground. Why, then, need a firm spend 
money on exploring the unknown, risking 
capital for the sake of an uncertain return ? 

The question is answered by the Earl of 
Halsbury, managing director of the National 
Research Development Corporation, in the 
March issue of the F.B.J. Review (the journal 
of the Federation of British Industries). 
** A firm,” he says, “‘ which fails to contribute 
to the world pool of technological knowledge 
will gradually lose its power to attract the 
type of skilled technologist who alone can 
exploit the contents of the pool in his 
employer’s interest. It will accordingly be- 
come technologically backward and be 
overtaken by competitors.” Though Lord 
Halsbury’s words refer with special force to 
the kind of research work which borders on 
pure research, they are equally relevant to 
those fields of engineering where develop- 
ment is perhaps a more accurate description 
of the path to progress. If politics is the art 
of the practicable in human affairs, engineer- 
ing is the art of the practicable in science. 
And the art is best practised by engineers 
who contribute to the common pool while 
they are also drawing from it. 

Lord Halsbury’s article is entitled “‘ Stock- 
taking on the Research Front.” He accepts 
the fact that it is difficult to assess the 
economic value of research in individual 
instances. But he has no difficulty in show- 
ing that ‘‘ research, regarded as an investment 
in knowledge, has probably been the highest 
yielding form of investment in economic 
history.” He compares the products of 
industry to-day with those of 50, 25 and 12 
years ago. The change has been not so 
much in the quantity as in the variety of what 
is produced. Fifty years ago there were then 
virtually no mass-produced automobiles, or 
synthetic fibres; no aeroplanes; no radio or 
television; no petroleum, chemicals or 
plastics industry; no antibiotics or chemo- 
therapeutics; no motion picture industry 
and none of the subordinate industries which 
support these developments. Only 25 years 
ago pressed-steel bodies for automobiles 
were barely established, there was neither 
nylon nor terylene, no gas turbines (is that 
wholly true?), virtually no television or 


APRIL 15, 1955 


petrochemical industry and no antibiotics. 
And then down to 12 years ago—‘ no tery- 
lene, barely a gas turbine, and but one anti- 
biotic still in its industrial infancy.” These 
developments were only partly supported by 
the research of the period, he points out; 
a significant proportion was derived from the 
research of previous periods. But “all 
the products of world industry which differ 
from those of, say, 200 years ago derive 
from all the world’s research of the last 
200 years.” Hence his view of research as 
probably the highest yielding form of invest- 
ment in economic history. 

As the yield on the investment has gone 
up so has the rate of investment. We have 
not fully exploited, Lord Halsbury remarks, 
the research output of the second World 
War. It is now quite possible that some 
potentially remarkable developments will 
never take place because, at the critical stage, 
there happened to be no one with his mind 
open to the particular combinations of 
techniques or ideas. What was “ news” 
in science or engineering a few years ago 
may combine with some “ news” of 1955 
to produce a valuable improvement. But 
if there is nobody to remember the first 
while he reads about the second, nothing 
will come out of it. 

Of war-time developments some have not 
been applicable to civilian uses. Commenting 
on the potentialities of three which have 
great possibilities—atomic energy, jet pro- 
pulsion and radar—Lord Halsbury makes 
a most significant comment on the indirect 
value of aeronautical engineering. Increas- 
ingly, he says, this industry first tackles, then 
solves and finally dominates the solution of 
problems which no other branch of engi- 
neering would have an incentive to attempt. 
“Its results react back on and influence the 
general engineering industry, so that by 
remaining in the forefront of aeronautical 
engineering we keep our position in the 
forefront of general engineering.” The truth 
of this contention is borne out by the aero- 
nautical subjects of general application which 
are regularly reviewed in ENGINEERING. 

Unfortunately, it is just because atomic 
energy, radar, and aeronautical engineering 
derive their “ incentive ” from military needs 
that they tend to lead developments generally. 
They are supported by prodigious resources. 
There is a danger that industrial countries 
will find most of their technological advances 
springing from work on armaments. Ordi- 
nary commercial sponsoring of research 
will be small in comparison, and the military 
work will be secret. The working of security 
regulations must be kept continually under 
review, and everything possible should be 
considered to increase the “incentive” to 
do non-military research. 
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tungsten wire, bars of the metal, produced by 
sintering compacts of tungsten powder, are 
subsequently subjected to swaging processes which 
reduce the material to small-diameter rod. To 
increase the malleability of the metal before it is 
passed on to the first of the wiredrawing operations, 
the rods are annealed at a temperature of 2,000 
deg. C. in a re-treating furnace as shown in the 
illustration. The hydrogen atmosphere is neces- 
sary to prevent oxidation of the hot metal. 
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FAIR TRADING 


The number of trade fairs held annually, already 
embarassingly large, is growing rapidly and 
consequently the value of exhibiting at any par- 
ticular one is tending to fall proportionately. 
The choice of the right fair thus becomes increas- 
ingly important, and a recent booklet Trade 
Fairs Overseas, Hints for United Kingdom 
Exhibitors, published for the Board of Trade by 
H.M. Stationery Office, may be of some service. 

As the booklet points out, the highly special- 
ised fair may be of much more value to, say, a 
manufacturer of precision instruments than 
general fairs where the large majority of buyers 
are unlikely to have more than a passing interest 
in the product concerned. Exhibiting at a trade 
fair should be carefully integrated in the sales 
campaign, and the help of a local representative 
may thus be valuable since an effective campaign 
requires sound preparation and effective follow- 
up. If cost is an important consideration, it 
may be possible to exhibit on a composite stand 
with other British manufacturers, but although 
such displays are often successful, they are seldom 
an adequate substitute for an individual stand. 

The Board of Trade have useful advice to 
give on estimating costs, the design of the exhibit, 
and on sales literature. Particularly important 
is the need to provide price lists which are 
realistic for the local buyer and to ensure accurate 
translation; poor translation excites ridicule. 
The cost of exhibiting at fairs in various coun- 
tries naturally varies somewhat but the variations 
are surprisingly small. At 1953-54 prices, the 
total cost of a display at Brussels is given as 
£4-2 per square foot, the Milan Sample Fair 
£4-5, the Canadian International Trade Fair 
£5-4, and the St. Eriks Fair (Stockholm) £5-6. 
These figures are based on stand sizes ranging 
from 80 to 750 sq. ft. and include space rent, 
stand construction, etc., return travel for one 
executive and living costs for three weeks. These 
costs do not seem large in relation to probable 
total sales development costs in important 
markets and local distributors may often then 
reasonably be expected to meet a portion of the 
outlay. The value of the trade fair is not, how- 
ever, necessarily limited to the country in which 
it is held. It is often of international interest 
as, for example, the recent Baghdad fair, and a 
distributor cannot fairly be expected to bear a 
major part of the cost if most of the resulting 
sales are made outside his territory. 
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HEAT PUMPS 


An article in the March issue of the Industrial 
Bulletin of Arthur D. Little Inc. and a paper 
presented to the Institution of Heating and 
Ventilating Engineers, by Mr. J. A. Sumner 
(summarised in last week’s issue of ENGINEERING) 
constitute important additions to the information 
already available on the commercial prospects 
of the heat pump. Mr. Sumner’s paper is 
based on three years’ experience of heat pump 
operation for space heating and the provision of 
hot water in a bungalow specially built for the 
purpose. The paper includes a most interesting 
section on costs, the general conclusion being 
that the seasonal cost of space heating by heat 


pump (October 1 to April 15), including provision 
for capital cost, would be less than 45 per cent. 
of the. cost of solid fuel appliances, and only 
35 per cent. of the cost of purchased electricity. 

The popularity of the heat pump -in the 
United States has grown considerably since the 
war: 1,600 were installed in 1954 and they are 
being marketed by five manufacturers. .Ten 
years have been required to reach a level of 
efficiency which is beginning to make this 
method of space heating and larder cooling a 
commercial proposition. The Arthur D. Little 
Bulletin states that its adoption has tended to 
follow the growth of the air conditioning industry, 
since it is efficient only with a radiant heating 
system, i.e., low temperature heating in floors or 
ceilings. Mr. Sumner makes the same point. 
In the United States the heat pump is said to 
have a bright future in the warmer climates, 
‘** where the winter heating load is about equiva- 
lent to the summer cooling load and the cold 
spells are mild and of short duration.” 

The major obstacles to its wider adoption in 
the United States are said to be the high initial 
cost, particularly for heat pumps of relatively 
high efficiencies. The present air to air pumps 
can deliver about three kWh of heating for each 
kWh of electricity supplied; the theoretical 
efficiency ratio is said to be six or seven to one, 
but the trend will probably be towards relatively 
low efficiencies to offset otherwise high first costs. 


‘The latter, for a medium sized American home, is 


estimated at 2,300 dols. (exclusive of installation 
and wiring), which is considerably higher than 
Mr. Sumner’s estimates, or for that matter prices 
quoted by British manufacturers. Another im- 
portant aspect of any surge in the popularity of 
the heat pump in the United States is the likeli- 
hood of a tremendous peak load in power 
consumption: ‘ the short term load during cold 
spells might triple the demand.” To offset this, 
thermal storage devices could doubtless be 
incorporated to allow electricity to be consumed 
during the night at favourable rates. In this 
country the upward trend in coal prices, and the 
relatively high cost of electricity, may put the 
heat pump on the map more quickly than in the 
United States. 

It would be idle to pretend that the develop- 
ment of the heat pump and its rapid acceptance 
by the public is welcomed by manufacturers of 
conventional space and water heating appliances, 
or by refrigerator manufacturers. The mass 
production and low initial costs envisaged by 
Mr. Sumner may be: some way off, but the 
conclusion reached by Arthur D. Little, that 
“‘ the heat pump may be the next big step toward 
the ‘ all-electric ’ home,” can hardly be ignored, 
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INVESTING IN LATIN AMERICA 


There are signs that interest is growing in the 
possibilities of investing British capital in, and 
increasing British trade with, Latin America. 
Mr. J. P. Ford of the Brush engineering group, 
who is also closely connected with the Council 
of the Institute of Exports, recently pointed out 
that Britain is being left behind by Germany, Italy, 
France and the United States in South and Central 
American markets. An effort is being made to 
interest British industry in playing a more active 
role to develop local enterprise and to go into 
joint undertakings with Latin Americans in 
utilities and manufacturing industry. 

Point is given to these suggestions by the 
recent study on conditions affecting foreign 
capital investment in Latin America published 
by the United Nations. It points out that 
direct U.S. investment has increased from 
4-7 billion dols. in 1950 to 6 billion dols in 1953. 
These figures compare with 2-8 billion dols. in 
1940. Much of the increase has been in petro- 
leum production and a certain amount of it in 
manufacturing and mining. There is evidence 
that local investors have participated to a 
growing extent in U.S.-controlled manufacturing 
enterprises since the war. Most of the restrictive 
legislation on foreign capital applies to petroleum 
extraction whereas foreign investment in manu- 
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facturing is usually welcomed and -sometimg 
given special inducements. Some co ntrie; 
restrict investment by foreigners in publi: utijj. 
ties, banking, insurance and certain branches of 
trade. All but four of the 20 republics n this 
area have legislation requiring a miiimum 
percentage of nationals to be employed, and , 
minimum portion of the pay-roll to be rcceiveg 
by them. The regulations for the transfer of 
income and capital are complex, and some 
countries, notably Brazil, have of recent years 
achieved a good deal of notoriety in this respect, 
Formal exchange control with multiple exchange 
rates and quantitative restrictions are a common 
feature throughout Latin America, but certain 
industries, including those producing copper and 
iron ore for export, are allowed to retain part or 
all of their export proceeds. The survey goes on 
to say that the expropriation of assets (probably 
the greatest single deterrent to foreign invest. 
ment in Latin America) has been confined to the 
public utilities, agriculture and the extractive 
industries. This has not affected investment in 
manufacturing. 

At the end of last month the United Kingdom 
signed a new trade agreement with Argentina, 
Among its provisions was the extension of £20 
million credit to Argentina during the currency 
of the agreement, which lasts until June 30, 1956, 
A slight concession has been made also by the 
Argentine Government on the payment of arrears 
of interest, profit, dividends and other income. 
It is hoped that orders for about £25 million of 
capital equipment will be placed by Argentina 
during the term of the agreement. One way and 
another it would seem that there is a slight im- 
provement in the outlook for trade and investment 
in Latin America. Perhaps the most cogent argu- 
ment of all, however, is this: if the Americans and 
continental Europeans find it worthwhile to seek 
markets aggressively in that part of the world, 
why should the British abdicate ? 
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THE PRICE OF OIL 


Although a great deal has been said about the 
degree of competition in the world oil market, it 
is widely known that world oil prices are the 
result of a combination of circumstances which 
have much less to do than might be imagined 
with the demand for finished oil products. The 
largest single cause of price distortion is undoubt- 
edly the burden of taxation, but there are other 
important factors at work in the oil market 
which help to disturb the reactions of prices to 
demand and supply. These factors have now 
been analysed in ‘* The Price of Oil in Western 
Europe,” a study by the Economic Commission 
for Europe. 

Briefly, the contention is that the world price 
of crude oil is linked to the Gulf price in the 
United States, which is in turn the price of crude 
oil in the American market. The United States 
is now a high-cost producer and must continue 
to be so as oil is extracted from deeper wells. 
It is, in fact, Government policy as well as to the 
interest of the American petroleum industry to 
maintain prices at a comparatively high level in 
order to conserve the United States oil resources. 
Middle East crude prices being closely related 
to the Gulf price (after allowing for freight 
charges) the margin on Middle East crude oil is 
high enough not only to make its extraction 
exceedingly profitable but also to make it possible 
for the refineries operated by the eight large 
international oil companies to operate at prices 
for their finished products which are, in fact, 
subsidised out of the profit on crude oil. Prices 
ex-refinery are still based on import prices, 
which ‘date from the time when most of the 
world’s refining capacity was near the oilfields. 
To-day, however, this is no longer so. Western 
Europe has now a considerable refining capacity 
which is mainly owned by the big oil companies. 
There are a number of independent refiners but 
they sell a considerable amount of their output 
to the big companies and it is in their interests 
to accept the present price pattern. Occasion- 


ally, however, the independents break away from 
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this pattern and the result is a certain amount of 
chavs in finished oil prices—as occurred in Italy 
some time ago. The report is very much of the 
opinion that it would be to the interest of Western 
Europe to see the price of Middle East crude oil 
divorced from the Gulf price and a price estimate 
tor finished oil products worked out more in 
accordance with the demand. The interest of 
Western Europe is clearly that its new refining 
capacity should earn a profit even if this is at 
the expense of prices of crude oil from the Middle 
East. 

The report puts a finger on the two most 
serious criticisms of the present system when it 
says that the price system is distorted and that 
higher prices for crude oil from the Middle East 
are bound to lead to demands for higher royalties 
from Middle Eastern countries. Western 
Europe’s interest is, of course, clearly on the 
side of freer world prices, since at the moment 
this would allow refineries to earn larger profits 
but, special pleading apart, the principle of prices 
based on conditions of supply and demand 
should be established. Furthermore, it is highly 
dangerous to allow the under-developed coun- 
tries ot the Middle East to build up public 
revenues on industries which are in fact sub- 
sidised by the world’s oil refineries. Industry in 
Western Europe would certainly benefit from 
lower prices for finished oil products. Does 
E.C.E. hope that by publishing this report now 
it will further stimulate industry to protest 
against all distortions, including fiscal ones, 
at present imposed on oil prices ? 
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HADFIELDS LIMITED 


Hadfield’s experience in the past financial year 
has been very much that of the British engineering 
industry as a whole. The revival of demand at 
the close of the year, ending October, 1954, 
was just about enough to compensate for slackness 
in the early months, but keener competition and 
higher costs meant that profits in 1953-54 were 
slightly lower than in 1952-53. Demand for 
alloy steels tends to be particularly sensitive to 
changes in economic activity, and in 1953 output 
in the United Kingdom had fallen to an average 
of 20,500 tons a week—4:3 per cent. less than in 
1952—although production of steel of all quali- 
ties had risen by 9 per cent. In the calendar 
year 1954 total output of steel had risen by a 
further 5 per cent., but output of alloy steel, 
despite considerable recovery in the final months, 
had fallen by a further 1 per cent. Hadfields, 
who report that their output of steel melted in 
the year to October, 1954, was slightly below 
the record tonnage of the previous year, were 
thus very much in line with national trends. 
Demand for alloy steels is now at a very high 
level; Hadfields state that the recovery in sales 
of alloy rolled billets and bars, due partly to the 
increasing requirements of the motor-vehicle 
industry, has been remarkable. Hadfields, of 
course, carry their interest in alloy steel to the 
manufacture of finished products. Last year, 
their output of large crushing machinery plants 
included a 70-in. by 48-in. jaw-breaker, and a 
number of coal breakers are in hand for the 
Netherlands. The volume of business in drag- 
line buckets is increasing. Forged-steel back-up 
rolls of up to 40 tons in weight and 5 ft. in 
diameter are among the company’s most impres- 
sive products. Demand for these in both hot 
and cold mills with large continuous plants is 
increasing. 

As a result of a re-organisation and extension 
programme which is now nearing completion, 
Hadfields are in a good position to meet both 
increased competition and increased demand. 
A new 2,700-ton press has improved their capacity 
to supply high-quality forgings. A new precision 
foindry has fulfilled all expectations. The 
employment of shell moulding, which has been 
grcatly accelerated, will enable them to meet the 
hich demand for steel castings ranging from the 
most complex heat- and corrosion-resisting 
tyes to. the simpler alloys. The modernisation 
0! production facilities has been accompanied 


by improvements in the research department. 
There are new creep testing and mechanical 
testing laboratories, and equipment for low- 
temperature and fatigue research has been ex- 
tended. A modern X-ray building, the equipment 
of which includes 400- and 300-kV sets, facilities 
for using isotopes and other methods of non- 
destructive testing such as supersonic examina- 
tion, can take castings of up to 20 tons direct 
from the foundry. 
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A CENTURY OF GAS-PLANT 
MANUFACTURE 


When Robert Dempster opened his Rose Mount 
Iron Works at Elland, Yorkshire, for making 
gasworks plant in 1855, the gas industry was 
well established. From being considered a 
novelty—to some people a_ highly-dangerous 
one—gas had become accepted as the best 
means of lighting streets and industrial premises, 
and, from the 1840’s onwards, for private houses 
as well. Numerous forms of meter had been 
developed for measuring gas consumption, 
many different types of burner were in existence, 
large gasworks, some of them with elementary 
mechanisation, had been built, and gas was 
beginning to be used for ventilation as well as 
lighting. The gas industry was expanding, and 
Dempster chose a good trade to enter. 

But like the founders of so many British 
businesses which were later to become known 
throughout the world, Dempster had little 
enough, other than his personal qualities and 
his experience as a gas engineer, to help him on 
his way. He started modestly, with half an 
acre of land, and as was customary at the time, 
turned his hand to anything within his chosen 
industry to keep his little factory busy. Thus 
in the early days any equipment a gasworks 
needed was made by Robert Dempster, and it 
was not until towards the end of the Nineteenth 
Century that a policy of specialisation was 
introduced. By that time the business had 
taken its present title of Robert Dempster and 
Sons, Limited, and the pattern of its present 
production was apparent. 

The story of Dempster’s early endeavours, of 
the work of his successors, and of the present 
company’s plant and products is told in ‘ 100 
Years, the Record of a Century of Progress, 
1855-1955,” published by Robert Dempster and 
Sons, Limited, (at Rose Mount Iron Works, 
Elland). It is a simple story but an important 
one. British industry has always needed men 
like Robert Dempster, and it needs them still. 
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RAILCARS AND THEIR ENGINES 


British Railways’ very large railcar building 
programme—orders are understood to have been 
placed for 700 power cars—raises questions of 
Diesel-engine design likely to acquire con- 
siderable importance during the next year or so. 
This is a field where British Railways have very 
little operating experience, and the urgency of 
their need is such that they have naturally turned 
to those engine makers who have developed 
railcar engines, A.E.C. and Leyland, who operate 
through their jointly owned subsidiary, British 
United Traction, Limited. They are the only 
British companies whg have sold large quantities 
of railcar engines during the past 20 to 25 years. 

The main points are likely to be: first, whether 
engines of 11 to 12-litre capacity used in pairs— 
each driving a power bogie through mechanical 
gears—provide enough power for the average 
duties likely to be met in practice; and, second, 
whether twin-engine drive is the most economical 
and effective means of powering railcars. Conti- 
nental and American experience suggests that 
the answer in both cases is in the negative. In 
Germany, Italy and France there has been a 
gradual but definite shift to a basic engine of 
300 to 350 brake horse-power naturally aspirated 
(pressure charging has not so far proved very 
popular). Two of the smallest engines used in 
large quantities are the Fiat 700, which is of 
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20-litre capacity (150-mm. bore, 190-mm. stroke) 
and develops 210 brake horse-power, at 1,550 
r.p.m., and the Breda (135-mm. bore, 190-mm. 
stroke) which develops 195 brake horse-power at 
1,500 r.p.m. Engines rapidly gaining acceptance 
are the Saurer BZD, a 12-cylinder twin-bank 
engine which develops 320 brake horse-power at 
1,500 r.p.m., and their SBD, developing 480 
brake horse-power at a similar speed. In France 
and Germany single vertical engines are being 
used increasingly, ranging from 350 to 1,000 
brake horse-power. In the United States, 
General Motors’ engines, used in the Budd RDC 
cars, develop 275 brake horse-power, and are 
used in pairs. 

Obviously time will be required before British 
Railways’ policy can be defined. The 11 to 
12-litre engine will most certainly power the bulk 
of the cars ordered during the first year, and 
builders other than A.E.C. and Leyland,. in 
particular Rolls-Royce with their ‘‘ 600” range, 
will be tried out. At the same time much 
development work is being done on 15-litre 
railcar engines, which could be built into 12- 
cylinder twin-bank units to develop 300 to 
400 brake horse-power. Paxman have ready a 
single-bank ZH (an adaptation of their RPH 
series, using non-ferrous alloys) which develops 
300 brake horse-power, and Henry Meadows 
recently launched their 6DC 970 15-9-litre engine, 
which develops 180 brake horse-power at 
1,500 r.p.m. 

The likely outcome of these developments is 
higher powered railcars which, used in short 
trains, will provide very fast service on main 
lines. The success of such trains, particularly 
in France and Germany, suggests that their wide 
adoption in this country for fast inter-city traffic 
cannot be long delayed. 


x «© 
COMPLETE PICTURE 


The chairman of a large group of engineering 
companies recently remarked to a friend: ‘* How 
I wish I could find a first-rate designer who. can 
grasp commercial realities”»! There was a long 
discussion of the need for close-co-operation 
between design, production and sales, and of the 
factors that influence progress in engineering 
design, such as the long-term availability and 
relative costs of fuels, the rising costs of labour 
and shortage of skill, our growing dependence 
on exports and consequent need to be technically 
ahead and competitive in price. In most fields, 
there is a trend towards more. complicated 
machinery and equipment. Complication has 
meant specialisation; and that, in turn, has 
tended to narrow the view of technical men— 
a process which starts at school, is hastened 
at university or technical college and completed 
in the first research, development or design job 
in industry. The chairman concluded: “I 
doubt if such a paragon (a designer with a 
commercial sense and understanding) exists: 
to achieve our objectives we must doubtless rely 
on a team of men with complementary skills 
and experience who pull together. But how 
difficult this is to achieve.” 

Surely one of the major problems of the 
industrial age. Many of our most creative 
engineers are in grooves so deep that they may 
lose sight of the most basic purpose of a manu- 
facturing business, i.e., to make goods that will 
sell, which therefore must meet a need at a point 
in time and at the right price. The difficulties 
attendant on managing a team of specialists are 
generally recognised as formidable by those 
whose job it is to be the managers. The 
Americans want their technicians to learn Greek 
and history; some of us would like to see the 
classics read more widely; most of us would 
like a broader understanding of the world we 
live in, and of our industry in particular, than 
we feel we have time to acquire. The purely 
technical aspects of engineering are not fully 
understood until they have been related to 
current affairs. Weekly Survey notes are the 
splashes of colour which help to complete the 
picture. 
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RAISING INDIVIDUAL EFFICIENCY 
THE APPLICATION OF “ENGINEERING PSYCHOLOGY ” 


A conference on “Individual Efficiency in 
Industry” was held under the chairmanship of 
Sir Geoffrey Vickers at Cambridge from March 31 
to April 3. It was organised by the Cemmittee 
on Individual Efficiency appointed jointly by the 
Medical Research Council and the Department 
of Scientific and Industrial Research. The 
terms of reference of the committee are to keep 
under review and advise on knowledge and 
research bearing on the technical efficiency of the 
individual in industry and on the requirements for 
the training of research workers and technologists 
in this field. 


The object of the conference was to give 
publicity to the work being done and to persuade 
industrialists of the value ot the systematic 
study of the detailed factors affecting industrial 
productivity. Most of the work being sponsored 
is fundamental research based, as the chairman 
of the committee, Sir Frederic Bartlett, explained, 
upon the long-term objective of effecting improve- 
ments in technological industrial equipment, in 
the environmental conditions under which the 
equipment is used, and in industrial training 
methods. In the paper which he presented to 
the conference, Sir Frederic referred to the delay 
in putting the results of research into practical 
use, but said he thought that the resistance 
to change was being greatly exaggerated. There 
was plenty of good tactical thinking in British 
industry, but very little serious strategical 
thinking; so that problems were only dealt with 
when they were actually met and, in many cases, 
solutions were bound to be faked, leading to 
delay. Research and development groups in 
industry were likely to be kept on a level of 
routine work and there was a drift away from 
the work-bench and research towards adminis- 
trative jobs which were usually better paid and 
of higher status. Lord Halsbury, in a typically 
provocative paper, also dealt with our attitude 
to novelty and its effect on the application of 
research results, and expressed the view that in 
the development of new industries and processes 
we were not doing too badly but that we were 
seriously failing in the modernisation of tradi- 
tional industries and processes. 

The research papers given to the conference 
covered the three main subjects outlined by the 
chairman. A general paper on “ Environment 
and Performance’? was given by Professor 
R. W. Russell, Honorary Director of the 
M.R.C. Group for Research in Industrial 
Psychology; and Dr. J. S. Weiner, of the Climate 
and Working Efficiency Research Unit, des- 
cribed some experiments on working capacity in 
hot and humid conditions. It was perhaps 
significant that, in opening the discussion on 
these papers, both Dr. Bedford and Professor 
Crowden pointed out how old much ot the 
knowledge on these subjects is and yet there are 
large sections of industry in which it is not 
applied. Dr. Bedford, in particular, referred to 
the work of the Health of Munition Workers 
Committee in the 1914 war on hours of work and 
fatigue, a great deal of which was forgotten in 
the succeeding years. Dr. Weiner’s investiga- 
tions were carried out on the performance of 
rescue personnel in coal mines working under 
very hot and humid conditions, wearing special 
clothing and respirators and carrying heavy 
equipment. From he results obtained it has 
been possible to make regulations covering the 
permitted maximum working period for each 
condition of temperature and humidity. 


PERFORMANCE DURING 
CONTINUOUS WORK 


In a lucid and very well presented paper Mr. 
D. E. Broadbent of the Applied Psychology 
Research Unit dealt with ‘“ Variations in 
Performance Arising from Continuous Work,” 
and brought out some extremely important 
factors which appeared as the main theoretical 


theme of almost every subsequent speaker in the 
conference. He defended the study of con- 
tinuous work in the laboratory, under conditions 
which could be constant or varied as the experi- 
menter wished; while recognising that such 
conditions were to some extent artificial. He 
made the only reference to the work of the social 
psychologists in this field, paying lip service to 
the findings of Elton Mayo and the Hawthorne 
team on the effects of the experiment itself on 
the performance of workers. 

Laboratory experiments are beginning to show 
results and Mr. Broadbent believes that the time 
has come when real-life problems should be again 
examined; but this time in the light of the labora- 
tory results, of which three are outstanding. 
The first of these is that when a man has been 
working for some time his performance becomes 
irregular instead of breaking down completely. 
From this there are two immediate practical 
conclusions: the first is that individual output 
may not be a very selective index of the ill-effects 
of prolonged work; but accidents or scrap, or 
difficulties in team production arising from one 
part of the team working at a different rhythm 
from the remainder, may be better. The second 
implication is the importance of the timing 
which any particular task demands from the 
worker. A machine or process which works 
at one steady speed cannot easily fit a man 
who works at an irregularly-changing speed. 

The second result is the discovery of the 
importance of the stimulus rather than the 
response: of what a man has to notice rather 
than what he does. It is, in fact, much easier to 
disturb the efficiency of perception than that of 
response and this has an important bearing on 
motion study. It is notoriously difficult to 
show any decline in the efficiency of bodily 
movements after prolonged work, unless a great 
deal of physical work is required, but experi- 
ments have shown quite a rapid decline in the 
efficiency with which faint stimuli can be noticed. 
This may well explain apparently causeless 
mistakes, omissions and accidents in work. 


CRITERION FOR AUTOMATION 


The third main finding is that a man’s actions 
at any moment are greatly affected by happenings 
in the past and probable happenings in the 
future. There is a good deal of evidence that 
almost any novel circumstance or change in the 
conditions of work will produce a temporary 
rise in efficiency (this was the finding in the 
Hawthorne experiments) and this is one of the 
reasons why research aimed at finding a simple 
test for the effects of prolonged work has proved 
disappointing. This finding has practical implica- 
tions for jobs where the worker has to watch out 
for incidents occurring at infrequent intervals: for 
instance inspection or radar operating. When 
considered in relation to the effects of fatigue on 
perception, its importance for the increasing 
number of industrial situations in which the 
worker has normally no manual activity but is 
responsible for watching a number of dials or 
other indicators, and making adjustments if 
anything abnormal occurs, cannot be exagger- 
ated. Efficiency in these cases may be increased 
by putting in extra items, for instance faulty 
parts, for the worker to notice. What needs 
to be discovered in each situation is the optimum 
level of change and, where the number of 
“incidents” per day is very much beneath it, 
to make the process automatic. 

It is interesting that the findings of the research 
workers appear to apply both to problems of 
deterioration of skill due to bad environmental 
conditions, fatigue or age, and also to problems 
of training. Corresponding to the irregularity 
of work and the deterioration of the way in which 
information is received from outside stimuli 
which occur when these factors are present, it 
has been found that the main difficulties experi- 
enced by workers undergoing training are to 
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acquire regularity in performing the com; lete 
task and to acquire skill in the perceptual »art 
of it. Work done under Professor Mati .ew 
in the Department of Engineering Produc ion 
at Birmingham has brought out these facts, ind 
Mr. E. R. F. W. Crossman has been develo sing 
a new field of study known as perception s udy 
as a complement to motion study. A new form 
of process chart has been devised in whicl , in 
addition to columns for description of the 
activities of each hand, columns are added fo: the 
four major senses and a single column for mental 
work. Five new symbols have been devised 
for use with this chart representing “‘ therbligs ” 
for Plan, initiate, Control, end, and Check, 
It is hoped by this means to enable work s\udy 
to be applied to many classes of work which 
have hitherto been considered intractable and 
eventually, by means of modern information 
theory, to reduce the factors determining the 
amount of sensory and mental work in a task 
to quantitative terms. 


TRAINING PROBLEMS 


In a paper on “ Industrial Training Problems ” 
Dr. Eunice Belbin emphasised the need for the 
trainer understanding the psychological pro- 
blems of training and described an experiment 
in training for inspection work in which two 
groups were trained, one by the normal on-the- 
spot method of ‘‘ exposure ”’ to the task and the 
second by an experimental method based on an 
analysis of the skill involved. Although the first 
group entered into production work far sooner 
than those in the second group, at the end of a 
given period the total amount inspected by the 
first group was less than that inspected by the 
second group, who also had fewer errors. On 
the same subject Dr. Harry Kay, of the Oxford 
University Institute of Experimental Psychology, 
pointed out the difficulty of describing what are 
the essentials of any particular skill. He dis- 
cussed the problem of analysing skill under two 
concepts: the first that of transfer of training and 
the second that of knowledge of results. In 
relation to transfer there are two categories of 
industrial task: first, those in which the operator 
uses responses acquired during normal everyday 
activities and the main demands of the task are 
that he should learn some particular sequence of 
responses. These are largely unskilled and semi- 
skilled operations. In the second category are 
those tasks where the operator has to learn a 
new technique differing from his everyday 
responses. This may involve ‘“ unlearning” 
previous modes of response. Transfer is not 
direct from previous experience, for the trained 
operator utilises a different kind of information 
on which to base his responses—as in touch 
typing. 

WHAT IS SKILL ? 


Knowledge of success or failure in a task may 
be essential to morale but contributes nothing 
directly to learning a skill. An operator needs 
information about how he performed a response 
rather than what it has achieved. Skill might 
be described as the ability to obtain the maximum 
of information with the minimum of “ cues.” 
An expert golfer or batsman knows at once 
whether he has made a good stroke while the 
beginner can only judge by watching where the 
ball went. 

An interesting feature of the discussions on all 
these papers was the support the ideas in them 
received from the production engineers present. 
Mr. Mander, of the Lockheed Hydraulic Brake 
Company, described changes in a conveyor 
system to allow an assembly gang to choose their 
own working speed. Mr. Dudley, of the Depart- 
ment of Engineering Production at Birmingham, 
who had examined 20 very different jobs, said 
that, contrary to the usual opinion but in accord- 
ance with laboratory findings, he had found that 
operators work at a constant speed and that 
variations in output are due to pauses and inter- 
ruptions very few of which are for personal rea- 
sons even in heavy industry. The importance 
of reservoirs of work from which operators can 
draw at their own speed on conveyer assem) ly 
systems was emphasised by several speakers 
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Mr. -. G. Fuchs, of Philips Electrical Limited, 
who s himself blind, confirmed from the training 
of b! nd workers that the perception of skilled 
workers is not visual and that the blind can be 
quic} |y trained in the perceptual part of many 
tasks 

MACHINE DESIGN 


Two papers on aspects of machine design 
were given; one on the anatomical and physio- 
logical aspects by Dr. A. G. McD. Weddell of 
the Climate and Working Efficiency Unit, and 
one on the psychological aspects by Mr. C. B. 
Gibbs, of the Applied Psychology Research 
Unit. Dr. Weddell emphasised the danger that 
research might lead to the better exploitation of 
men and said the aim should be co-operation 
rather than the use of man as a tool. The 
adaptability of man was sometimes taken 
advantage of instead of changing an unsuitable 
environment. Especially in view of the present 
shortage of labour and the ageing of the popula- 
tion, it was necessary to design the work space 
to suit the variations in the individual worker, 
such as age, size and sex. Machine designers 
should use the science of anthropometry so as to 
take account of the variations in human measure- 
ments and the range of movements of the limbs 
and of the optimum forces that can be exerted 
by the muscles. 

Mr. Gibbs, in his paper, said there was a 
mass of existing knowledge not being applied; 
perhaps due to the present form of training of 
engineers. He thought it likely that, in the 
future, engineering would provide the bridge 
between psychology and physiology by means 
of a new science of. engineering psychology. 
There was danger in the short-term application 
of time and motion study, as it had been used for 
forty years; new information was now available 
on the psychological processes of perception and 
decision. In a written paper Mr. Gibbs gave 
examples of the application of these ideas, which 
included a_ re-designed lathe-tool indicator 
wheel which enables a longitudinal or transverse 
cut to be made over a wide range, and accurate 
adjustments to be made by means of a direct 
reading over the whole range of movement with- 
out re-setting. Other examples are improve- 
ments in the design of instruments to take 
account of the limited area of clear vision when 
the eyes are fixed on a given point, and experi- 
ments in the design of sensitive control levers. 
The latter is of particular importance where 
control is exercised through a servomotor, as in 
aircraft, and there is therefore no pressure 
reaction to provide information through “ feel.” 
The advantages of a single lever to control 
machine output in two dimensions as compared 
with two separate levers has also been the subject 
of experiment. 

During the discussion on these papers Mr. A. L. 
Stuchbery, of the Metal Box Company, advo- 
cated closer co-operation between the academic 
research workers and industry. He said we 
were at the point of a revolutionary change in 
machine design, and before it took place it would 
be a good idea to let the research workers have a 
look at what was proposed. Professor R. C. 
Browne, of the University of Durham, said that 
courses on the relation of health to engineering 
had been introduced at King’s College, Newcastle, 
intended to accustom engineering students to 
these ideas. All engineering students took a 
brief introductory course, and production engi- 
neers and those who took the less mathematical 
options did a whole year’s course on the history 
of engineering and an expansion of the first 
course. Mr. J. R. Ratcliffe, of K. & L. Steel- 
founders and Engineers, Limited, showed 
examples of re-designed crane cabs. He said 
that each new design was driven for an hour by 
both the technical and production directors and 
ther by a number of operators each for four 
hours. Their criticisms were then taken into 
account. 

# number of films were shown and also 
xa nples of experimental equipment. The latter 
den onstrated the way in which electronics 
has made possible the measurement of very 
sm: || movements and very small times on which 


so much of this work depends. One machine 
shown was a Serial Event Timer and Recorder 
based on digital computer techniques. The 
record is made on five-hole teleprinter tape and 
can be used to prepare a printed record or fed 
directly as an input tape into a computing 
machine. In one experiment the movement of 
the eyes can be made to operate a recording pen 
or to indicate by means of a patch of light on a 
television screen at what they are looking. This 
is achieved by taking advantage of the difference 
in earth potential of the retina and of the cornea 
of the eye. A small cell is held on the temple 
by means of vacuum and the impulses received 
from the eye are magnified electronically. 

At the time of going to press no decision had 
yet been made on publication of the proceedings 
of the Conference. 
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PERSONAL 


Mr. T. P. DouGLas, M.B.E., has been appointed 
engineer-in-charge, Sutton Coldfield television trans- 
mitting station of the British Broadcasting Corpora- 
tion, London, W.1. 

Mr. FRANK BANFIELD, general manager for the 
past year of the Expanded Metal Co. Ltd., Stranton 
Works, West Hartlepool, and Burwood House, 
Caxton-street, London, S.W.1, has been appointed 
managing director. He succeeds Lt.-COMMANDER 
G. C. HANs HAMILTON, who retains his position as 
chairman of the company. 


Dr. J. Craik, M.A., B.Sc. (St. Andrews), has been 
appointed chairman of the Nobel Division of Imperial 
Chemical Industries Ltd., as from April 1, in suc- 
cession to Dr. W. J. JENKINS, who retired from the 
company’s service on March 31. 


Mr. J. P. A. MELDRUM, O.B.E., B.Sc., M.I.E.E., 
and Mr. R. H. S. Turner, M.A. (Cantab.), 
M.I.Prod.E., have been appointed directors of the 
Metropolitan-Vickers Electrical Co. Ltd., Trafford 
Park, Manchester, 17. Mr. Meldrum has been 
manager, home sales, since January, 1953, and Mr. 
Turner, works manager, Trafford Park Works, since 
April 1, 1954. 

Mr. E. J. BATCHELOR has been appointed general 
manager of the Automobile Division of the David 
Brown Corporation Ltd., manufacturers of the 
Aston Martin and Lagonda motor cars. 

Dr. E. G. Wooproore has been appointed head 
of the Research Division of Unilever Ltd., Unilever 
House, London, E.C.4, in succession to Dr. H. J. 
CHANNON, who has resigned. The director of 
Unilever Ltd. and Unilever N.V. responsible for the 
Research Division and the Technical Division will 
be Mr. J. A. CONNEL. 


Mr. D. J. SAUNDERS, B.Sc. (Eng.), A.F.R.Ae.S., 
formerly a principal scientific officer in the rocket- 
propulsion department of the Ministry of Supply, has 
joined the Compofiex Co. Ltd., as chief development 
engineer (hydraulics). 

Mr. JOHN G. Park, M.I.E.E., has left England 
for Ceylon, where he is to become electrical-engineer- 
ing adviser to the Government. His visit has been 
arranged under the technical co-operation scheme 
of the Colombo Plan and he will stay in Ceylon 
about two years. 


Mr. G. A. HUMMERSTONE, M.B.E., engineering 
manager (deputy manager) of the repair factories, 
Treforest, of the British Overseas Airways Corpora- 
tion, retired on March 31. 

Mr. J. W. Moore, technical manager of Silentbloc 
Ltd., Manor Royal, Crawley, Sussex, has been 
appointed general manager of the company. 

Mr. T. A. Mason, M.A., B.Sc., who recently 
joined A. Boake, Roberts & Co. Ltd., Carpenters 
Road, Stratford, London, E.15, as works manager, 
has now been appointed a director of both A. Boake, 
Roberts & Co. (Holding) Ltd., and its main sub- 
sidiary company, A. Boake, Roberts & Co. Ltd. 

PROFESSOR F, BERGEL, D.Sc., F.R.I.C., has been 
elected an honorary secretary, and PRoFEssoR M. 
Stacey, D.Sc., F.R.S., and Sir ALEXANDER TODD, 
M.A., D.Sc., F.R.S., vice-presidents of the Chemical 
Society, Burlington House, London, W.1. 
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CONTRACTS 


Centurion Tanks. A contract for the supply of 100 
Centurion Mk. 3 tanks and spares equipment to 
the Swiss Government was signed by VICKERS- 


Colliery Winding Equipment. 
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ARMSTRONGS LtTp., Vickers House, Broadway, 
London, S.W.1, in Berne on March 31. 


Air Liner. VicKERS-ARMSTRONGS LTD. also announce 


that an order has been placed by the Pakistan 
Government, on behalf of H.E. The Governor- 
General of Pakistan for a Vickers Viscount air 
liner. The order is for a V.I.P. version of the 
Viscount; the second of its kind. The Govern- 
ment of India have already ordered one, to be 
operated by the Indian Air Force. Both these 
aircraft will carry full navigational equipment, 
including a KELVIN AND HuGues periscopic drift 
sight, a Rebecca Mk. 4 periscopic sextant, an air 
position indicator, an elapsed time clock, a radio 
compass and a compass repeater. 


Film Cameras for Television Service. The British 


Broadcasting Corporation have placed an order 
with British Acoustic Fitms Ltp. for the manu- 
facture of 12 combined sound and picture film 
cameras to a specification prepared by the B.B.C. 
The new cameras will produce either a 35-mm. 
picture film with a separate 35-mm. magnetic 
sound track, or a 16-mm. picture film with a separate 
16 mm. sound track. The picture section of each 
instrument will consist of a Camefiex 35/16-mm. 
camera and these are being supplied by EcLair 
Ltp., of Paris. These new sound and picture 
cameras will be used for filming sequences for 
B.B.C. television films and for inserts in studio 
and outside broadcast programmes. 


An order for an 
electric winding equipment for Cessnock Collieries 
Ltd., Australia, has been received by the GENERAL 
E.ectric Co. Ltp., Magnet House, Kingsway, 
London, W.C.2, through their Australian sub- 
sidiary company, the BRITISH GENERAL ELECTRIC 
Co. Pry., Ltp. The equipment includes a single- 
drum winder, 14 ft. in diameter designed for an 
output of 248 tons per hour winding from a depth 
of 1,227 ft. The machine is fitted with single- 
deck cages giving a net load, per wind, of 3-4 tons 
of coal. The drum is driven by a 1,450-h.p. 
direct-coupled D.C. motor with Ward-Leonard 
control. The reduction gear and brake gear will 
be supplied by the Erith Works of the firm. The 
remainder of the mechanical parts will be manu- 
factured in Australia from design data supplied from 
Erith, The motor and control gear will be 
manufactured at the Witton Engineering Works 
of the firm. 


Radio Transmitters. The British Broadcasting Cor- 
poration have placed a contract with MARCONI’S 
WIRELESS TELEGRAPH Co. Ltp., Chelmsford, Essex, 
for the supply, installation and setting to work of 
six 10 kW very-high frequency frequency-modulated 
transmitters to serve the North of England area. 
The transmitters will be at Holme Moss and will 
feed into the slotted aerial array which forms an 
integral part of the existing 750-ft. television mast, 
in accordance with the B.B.C’s plan for shared 
TV/FM sites. The transmitters will operate in 
parallel pairs, one pair handling the Home pro- 
gramme, another the Light and the remaining pair 
the Third programme. Each unit will have, there- 
fore, an output power of 20 kW, which, in con- 
junction with the high-gain aerial, is estimated to 
produce an effective radiated power of 120 kW. 
It is anticipated that the new station may become 
operational in the latter half of 1956. 

Power-Station, Transforming-Station and Transmission- 

Line Equipment. Contracts have been placed by 

the British Electricity Authority, during March, 

for power-station, transforming-station and trans- 
mission-line equipment, amounting, in the aggregate, 
to £6,208,690. The principal contracts include: 
for Portishead “ B” power-station, near Bristol: 
ash and dust-handling plant, with JoHN THOMPSON 

INDUSTRIAL CONSTRUCTIONS Ltp. For Rogerstone 

power station, Monmouthshire: two 550,000 Ib. 

per hour boilers, with Babcock & Wilcox, Ltd. 

For Blyth “A” power station, Northumberland: 

one 120,000 kW turbo-generator, condensing and 

feed-heating plant, with the METROPOLITAN- 

VicKERS ELECTRICAL Co. Ltp., two 120 MVA, 

275/66 kV interconnector transformers, with C. A. 

Parsons & Co. Ltp., and 66 kV 2,500 MVA indoor 

switchgear and 275 kV isolators and connections 

with A. ReyroLtte & Co. Ltp. For Stella North 
power station, near Newcastle-upon-Tyne: ash 
quay, settling ponds and transfer, make-up and 
circulating-water pump houses, and for Stella 

South power station: circulating-water pump- 

house foundations and superstructure, ash quay, 

settling ponds and transfer pump house, with 

Sir Ropert McA PINE & Sons (Newcastle-upon- 

Tyne) Lrp. For Barony power station, Ayr: 

two cooling towers, circulating-water pump house 

and ancillary works, with BrmERRUM & PARTNERS, 

Lip. For South Denes, Great Yarmouth: 33 kV 

1,000 MVA and 6-6 kV 350 MVA switchgear, with 

the ENGLISH ELEctric Co. Ltp. 
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Letters to the Editor 


HEAT EXCHANGERS FOR GAS 
TURBINES 


The Need and the Search 


Sir, I have read with interest the review of 
Gas Turbine Principles and Practice in your issue 
of March 18. As the company with which I 
am associated has been engaged primarily with 
problems of gas-turbine heat exchangers for the 
past six or seven years, the section dealing with 
this component was naturally of the greatest 
interest. There is one sentence in particular on 
which I should like to comment, which for the 
purposes of this letter reads: ‘“. . . there is a 
lack of really good exchangers . . . they are 
one of the most vital needs of the gas turbine, 
and one on which its future must greatly depend.” 
May I deal initially with the part of this sentence 
which refers to the past and the present before 
commenting on the part which looks to the 
future. 

In order to refute the statement that there is a 
lack of really good exchangers, one must con- 
sider first the demands which have been made on 
the heat-exchanger engineer; secondly, a clari- 
fication of these demands must be made; and 
thirdly, examples must be given of successful 
exchangers arising from such clarified demands. 

The gas-turbine engineer has demanded: 
minimum cost, minimum volume, cleanability, 
minimum pressure drop and maximum heat 
transfer. Now the cost of any heat exchanger— 
assuming that its efficiency is less than about 
80 per cent.—can be written off in three or four 
years depending on the fuel it saves—which is a 
reasonable investment—and therefore this con- 
sideration alone need not weigh too heavily. 
If we couple minimum cost and minimum 
volume together, however, we are liable to meet 
a confusion of ideas. If a range of exchangers 
is designed, all to meet an identical specification, 
a simple costing study of these indicates, almost, 
that, whatever the type covered the smaller the 
volume the higher will be the cost, and this is 
most pronounced in tubular exchangers. It is 
for this reason that all stationary plant exchangers 
where space is unimportant have exchangers 
with large-bore tubing because this produces the 
cheapest unit. 

The next demand in order of importance 
possibly falls under the heading of cleanability. 
Here again there is a conflict of understanding 
because the smaller the exchanger the more 
difficult to clean it. Further, information on 
the means of cleaning can only be arrived at 
successfully in conjunction with the main turbine 
contractor from his running plant, and so far so 
few plants have been produced that little or no 
knowledge is available on this score. 

The gas turbine has given a great impetus to 
the study of the laws of heat exchange, and of 
this advance the gas-turbine heat exchanger 
designer has taken full advantage. In making 
demands for extremely high recovery the gas- 
turbine projector now realises he must either 
pay excessively in financial cost or heavily in 
pumping power. A compromise is being reached 
and honour under this heading is now seemingly 
satisfied. After many confusing demands we 
therefore have reached a position of understand- 
ing where, if the demand is for a small unit, then 
it must be paid for at a price in excess of a larger 
unit and at the same)time it must not be expected 
that a small unit can be so readily cleaned as a 
larger one for the same duty. 

We can submit examples of exchangers which 
the writer claims so far to be successful, i.e., 
under the headings of: units of large size—low 
cost—easily cleaned, and units of smaller size— 
higher cost—and less easily cleaned. In the 
first category one can take an example from this 
country and a further one from America. The 
tubular unit designed by the British Thomson- 
Houston Company and fitted to the Anglo-Saxon 
tanker “Auris” has been running for four 
years; it is very readily cleaned and gives no 
more trouble from the mechanical aspect than 


would be expected from a small water-tube 
boiler. The example from America is the plate- 
type pin-fin exchanger built by the Air Preheater 
Corporation for Allis Chalmers Corporation, 
which has been running for about five years and 
has given no trouble at all. 

For examples under the second category, the 
smaller units, the plate-type unit built by the 
English Electric Company, which has run so 
far for over 1,000 hours, can be cited. And a 
unit designed and built by the writer’s company 
can be mentioned which so far has had 100 hours 
of operation. Both these units occupy about a 
fifth of the volume of the examples given in the 
previous category. 

Turning from the particular to the general, one 
important comment can be made. No heat- 
exchanger manufacturer had had the oppor- 
tunity of building more than two or possibly, at 
the most, three exchangers of similar type and 
therefore price must be high, whatever design, 
and development retarded. While one or two 
gas-turbine manufacturers have been willing to 
experiment it is generally not the case, and if 
progress is to be accelerated and cheaper heat 
exchangers produced more joint experiments 
between main contractors and the heat-exchanger 
makers will have to be undertaken. 

The whole of the foregoing has been based on 
applications for stationary and marine plant at 
normal temperatures and pressures, i.e., for the 
field covered so far by this prime mover. I feel 
a case has been made out for good heat ex- 
changers; we should like to know what your 
critic means by “ really good.” He concludes 
his sentence by a reference to the future of the 
gas turbine, linking this with a need for heat 
exchangers. If he is thinking of road-vehicle 
applications, this needs a comment. We have 
been told authoritatively that the gas-turbine 
engine for this use must compete in price—as well 
as in other respects of size and weight—with the 
present reciprocating engine. The heat exchanger 
must occupy something of the order of 1 cub. ft.; 
must weigh only a few pounds; must accept a 
gas temperature under accelerating conditions 
of 800 deg. C. and operate normally at 600 deg. 
C.; must have a differential pressure across it of 
40 to 50 lb. per square inch.; and must cost no 
more than between £20 and £30. 

To the road-vehicle application we have no 
answer, but on all other counts we accept your 
critic’s challenge in present fields and in future. 

I am, Sir, 
Yours faithfully, 
G. D. Toocoop. 
Heat Exchangers Limited, 
1 Wardour-street, 
London, W.1. 
April 4, 1955. 
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ADHESIVE-BONDED AIRCRAFT 
JOINTS 


Research into Unknown Factors 


Sir, The article by Professor W. J. Duncan 
and the letter from Mr. Meakin, of Aero Research 
Limited, which appeared in ENGINEERING on 
February 18 and 25, together with the possi- 
bility that Lord Cohen’s reference to my evidence 
as being the “ only rival theory ’ may lead to 
misinterpretation, call for reply. 

By the time the Court commenced its investi- 
gation, widely published rumours of sabotage 
and suspected engine-blade failure had been 
dropped, and the theory which I had put before 
Lord Brabazon, chairman of the Air Registration 
Board, on April 12, 1954—that the nature of the 
accident was sudden loss of pressure in the main 
cabin—had been unanimously accepted and 
pursued by the Royal Aircraft Establishment. 
The Court therefore started its investigation on 
an already agreed basis in respect of the nature 
of the accidents. The “rivalry” of opinion 
remained only in respect of the causes of the 
structural failures and their sequence, leading 
to explosive-like decompression. 
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While accepting my suggestion that the acgj. 
dent was one of sudden loss of compressio: the 
R.A.E. did not subscribe to the possibility that 
failure in the glued joints was the cause. They 
developed the theory that metal fatigue ws the 
cause of the failure because a small defi ctive 
part in the skin showed signs of what they 
referred to as metal fatigue. Nowhere in their 
voluminous report is there an indication that 
any other source of structural failure had been 
pursued with the same thoroughness. My own 
view is that whatever the influence of this parti- 
cular weakened part may have been, it was not 
the beginning of the rupture, but the rupture 
followed the lines of excessive rivet-hole perfora- 
tion which took the metal fatigued portion in its 
stride on its way to the next cut-out. 

While wishing to respect the Court’s finding 
in this direction, I am not sure that the industry 
will be willing to accept these views, the more so 
as the main witnesses, Mr. Tye, Sir Arnold Hall 
and Dr. Walker, all replied in the negative to 
the question as to whether they were convinced 
that any other possibility of primary cause 
could be excluded. It is not my intention to 
continue an argument on a matter which Sir 
Lionel Heald described as being speculative 
(which in my submission applies to any suspected 
cause). I am satisfied that the general attention 
which has been directed by my theories and 
evidence to the use of glued-up parts in major 
structures has resulted in close examination being 
made of such an application. 

I listened, with a certain feeling of gratitude, 
to a broadcast which Professor Geoffrey Gee 
gave in February on the subject ‘* Plastics for 
the Jet Age.” He referred particularly to my 
evidence on the subject of plastic bonding, 
pointing out the many unknown factors with 
which the application of plastic materials is 
confronted under global conditions—having to 
withstand excessive heat in the tropics, arctic 
conditions 30 minutes later, and a complete 
change of pressure plus partly-unknown mechani- 
cal and aerodynamical stress changes. Professor 
Gee pointed out—as I did when I referred, during 
my evidence, to a publication of the Dunlop 
Rubber Company’s research department on the 
effect of infra-red unfiltered rays at over 30,000 ft. 
on rubber and synthetic materials—that there 
are still unknown factors which deserve the 
greatest consideration and research work. The 
fact that the Dove and the Hornet, with their 
Reduxed parts, have given satisfactory service 
over a long period is no proof that the same 
method applied to the Comet, which is subjected 
to much greater stresses in a performance far in 
excess of the other two, will give the same satis- 
factory results. 

In a controversy where the legal profession 
has not only been the driving power but has been 
also in a majority, representing the interests of 
20 parties on the question of personal and com- 
mercial responsibility, it was not possible to 
present the technical aspects in proper perspective. 
Lord Cohen, as he pointed’ out in his findings, 
relied on the advice of his technical assessors. 
Similarly, Professor Duncan in his article bases 
his views on an opinion expressed by the R.A.E., 
namely, that the difference in temperature 
between the outer skin and the stiffener which 
was glued to the skin was only 10 deg C., and 
that therefore my theory of differential expansion 
and contraction in the materials was not sub- 
stantiated. 


There is no evidence in the R.A.E. report that 
a difference of 10 deg. C. has been established 
by appropriate research work, and no technical 
witness confirmed this in evidence. During my 
evidence, Sir Lionel Heald offered this informa- 
tion, to which I immediately replied that even 
if the difference is only 10 deg. C. at the end of 
the climb from tropical to arctic conditions, It 
must be remembered that the outer thinner skin 
will react much more quickly under changing 
conditions than the interior stiffener of heavier 
gauge, and that this delaying factor is bound to 
result in differential movement between the 
two during exposure to a swift change between 
extremes of temperature. However, my Com 
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tention is that the difference in temperatures 
immediately after a fast climb is substantially 
ter than 10 deg. C. 

The risks attendant on this technical problem 
shou'd not be minimised or argued away. On 
the contrary, research work is called for which 
can only result in valuable information being 
provided to the designer. As this is the main 
argument which Professor Duncan offers for 
the rejection of my theories in respect of glue 
failure, I am afraid it is not sufficiently con- 
vincing for me to admit that my conclusions 
are baseless. It would be relevant to ask 
R.A.E. if, in expressing the opinion that at no 
time was there a difference of more than 10 deg. C. 
between skin and stringers, there exist test 
readings taken at all stages of flight to substan- 
tiate it. I hope R.A.E. will undertake research 
in respect of relative rate of heat loss as between 
different structural glued-up members under 
flight conditions of this nature and the effect of 
various methods of insulation. 

Yours faithfully, 
BRUNO JABLONSKY. 
Jablo Plastics Industries, Limited, 
Mill-lane, 
Waddon, 
Croydon. 
April 7, 1955. 
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CONVEYING INFORMATION 
The Economy of Positional Display 


Sir, A letter of mine under the heading ‘“‘ Con- 
veying Information Graphically ” was published 
in your issue of March 15 (page 330). The term 
“ graphically ’’ may apply to what I called semi- 
diagrammatic presentation, but it would be 
incorrect to suppose, as perhaps you did in the 
editorial comment on page 327, that I advocated 
the use of graphs in particular. 

The proposed method of presentation accom- 
modates any mode of communicating knowledge 
—natrative, mathematical, tabular or diagram- 
matic. Consequently, it may be applied very 
generally indeed. The proposition is this: 
a complex argument or description should be so 
displayed that, within the whole presentation, 
the arrangement of the parts (whether groups of 
terse sentences or otherwise) represents or 
symbolises the argument’s or description’s 
logical structure—as the arrangement of persons’ 
names in a genealogical tree symbolises those 
persons’ relationships. Certain information is 
conveyed by position far more clearly and briefly 
than by words; repetition is avoided. 

Further, so much can be encompassed thus in 
a small space that a field of knowledge could be 
displayed in outline at once, upon a wall for 
example, with premises and scientific laws 
fundamental to the field at the head, and the 
many derivative or subsidiary theories, rules, 
facts, etc., correctly arranged, in orderly fashion, 
beneath. The solution of practical problems 
depends, in general, not simply upon the posses- 
sion of scattered pieces of information (such as 
are served by our existing systems of communica- 
tion) but upon the correct combination of these 
selected, together with integrating ideas, from 
a large field of knowledge that is carried by 
memory with indifferent success. Other advan- 
tages, in the maintenance of up-to-date records, 
for example, readily occur to mind. 

Finally, one may envisage, in principle, a very 
large “ chart ” (in practice no doubt a system of 
charts with cross-referenced tabular or factual 
maiter) having fundamental premises and laws 
at the centre—a proper study of general education 
at 4 certain level—and derivative or subsidiary 
Matter, of specialist professional spheres, radi- 
atiig out towards the practical applications of 
tec inology, medicine, etc., at the circumference. 
Wihout some such means of recording it 
be-omes increasingly difficult, as knowledge 
Ta, idly accumulates, to ensure its full utilisation, 
or adequately to lead and co-ordinate human 
ac ivities. Without it, moreover, a democracy 


tends to lose the ability to keep a check upon the 
performance of its co-ordinators. 
I am, Sir, yours faithfully, 
R. T. Carr. 
Northwich, 
Cheshire. 
March 30, 1955. 
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METERING PULSATING FLOW 


Significance of Non-Dimensional Criteria 


Sir, Further to Dr. J. M. Zarek’s article in your 
issue of January 7 and the subsequent discussion 
by Dr. F. V. A. Engel on February 4, I would 
like to make the following comments. 

The use of a non-dimensional criterion per se 
has meaning only if this criterion can be shown 
to relate to the basic equations describing the 
physical phenomenon. Thus, the Reynolds 
number defines the ranges in which laminar or 
turbulent flow occurs. Similarly, it can be 
shown? that, for flow through an orifice, the 


Strouhal number N, = df/U (where d = orifice 


diameter, f = pulsation frequency, and U = 
average jet velocity) defines the ratio of local to 
convective acceleration 
aU 
ot 
aU’ 
ox 
and hence those regions where steady-state 
solutions are at allapplicable. Schultz-Grunow?, 
for instance, has shown that pulsation effects 
are negligible if this Strouhal number is smaller 
than about 0-002. 

Dr. Engel has pointed out the connection 
between Dr. Zarek’s number L AP/Ad and the 
Strouhal number, i.e., L/D = 1/N, (De. Engel 
uses the reciprocal which, however, causes no 
fundamental difference). It appears from Dr. 
Zarek’s tests that no correction to the steady- 
flow equation need be made provided L AP/A d 
>10*. At the maximum permissible Strouhal 
number 0-002 this requires that AP/A >20. 
By way of comparison Lindahl* estimated that a 
ratio AP/A >0-7 would give metering errors less 
than 1 percent. His calculations were made for 
sine waves, and triangular and rectangular 
waves of symmetrical shape. 

The experimental scatter of Dr. Zarek’s correc- 
tion factor at values of L AP/Ad <10* is not 
surprising, for it can be shown readily‘ that in 
that range the shape of pressure and velocity 
fluctuations greatly affects the metering error. 
As Lindahl* and others have shown, this shape 
effect becomes small when the metering error is 
reduced. 

The foregoing remarks are restricted by our 
rapid scanning of Dr. Zarek’s paper. It seems 
that a closer comparison of the available 
theoretical background with Dr. Zarek’s careful 
experimental work could greatly enhance the 
value of the laboratory data. 

Yours very truly, 
E. G. CHILTON. 
Shell Development Company, 
Emeryville, 
California. 

1 See Dr. Zarek’s reference 8, Oppenheim, A. K.., 
and Chilton, E. G., which has since been published in 
Transactions A.S.M.E., vol. 77, No. 2, pages 231-245 
(February, 1955). 

2 Forschung auf dem Gebiete des Ingenieurwesens, 
vol. 12, pages 117-126 (1941). 

3 Transactions A.S.M.E., vol. 68, pages 883-894 

1946). 

4 See reference ! and other references given therein. 
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We regret to record the death of Mr. JOHN TAMLYN 
ALLEN, A.M.C.T., A.M.ILE.E., on April 2, at the 
age of 62. Mr. Allen had been in the Trafford Park 
Works of Lancashire Dynamo and Crypto Ltd. 
since 1910. He entered the service department in 
1914, was for a short period, in 1927, head of the 
contracts section and, in 1928, was made head of 
the service departmen. 
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ASSOCIATION OF 
SUPERVISING ELECTRICAL 
ENGINEERS 


The annual dinner of the Association of Super- 
vising Electrical Engineers was held at the Con- 
naught Rooms, London, W.C.2, on Friday, 
April 1, with the President, Mr. Bryan Donkin, 
in the chair. 

The toast of ‘‘ The Electrical Industry ” was 
proposed by Sir John Cockcroft, who said that 
both the old industry of electrical engineering 
and the fledgling activities with which he was 
connected were founded on science. While the 
former had taken many years to come to 
fruition the latter had developed rapidly from 
the early work of Rutherford. In fact it was 
as recently as 1942 that the first atomic pile 
was built. He hoped that the new atomic 
power stations would help to fill the gaps in 
the coal industry. Supervising engineers would 
play a part in these developments, and he was 
looking forward to a close collaboration between 
them and atomic physicists. 

In reply, Mr. J. Eccles, President of the 
Institution of Electrical Engineers, said that 
Sir John Cockcroft was the first person to cause 
forced nuclear fission, and the present great 
programme of development would be based on 
his work. 

Mr. S. H. Harding, who also replied, said 
that the past year had been one of considerable 
activity for the Association. The recent exhi- 
bition had been attended by some 52,000 visitors, 
and 370 lectures and other events had taken place 
during the session. 

The toast of ‘‘ Our Guests ” was proposed by 
the President. Sir Norman Kipping responded. 
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JOINT METALLURGICAL 
SOCIETIES MEETING IN 
EUROPE 


A programme of the joint metallurgical societies’ 
meeting to be held in Europe from June 1 to 18 
has now been issued. The meeting is a joint 
one between the American Institute of Mining 
and Metallurgical Engineers, the American 
Society for Metals and leading metallurgical 
societies in Great Britain, France, Belgium and 
Germany. The first section, from June 1 to 7, 
will be organised by the Iron and Steel Institute 
and the Institute of Metals, London. 

The meeting opens on the afternoon of 
Wednesday, June 1, with a plenary session at 
Church House, Westminster, London, S.W.1. 
This will be followed by three technical sessions 
on numerous metallurgical subjects ranging from 
blast-furnace practice to the heat-treatment of 
special alloys and the education and training of 
metallurgists. 

In the afternoon of Friday, June 3, and until 
Tuesday, June 7, technical and other visits in or 
near London will take place. Five tours to 
metallurgical districts in Great Britain have also 
been arranged for the period June 4 to 7. 

The second section of the meeting in Germany 
from June 8 to 13, will be organised by the 
Verein deutscher Eisenhiittenleute and _ the 
Deutsche Gesellschaft fiir Metallkunde, and 
will be held in Diisseldorf and district. 

The third section will consist of a one-day 
visit to Liége, Belgium, on June 13, by invitation 
of the Centre National de Recherches Scien- 
tifiques. The fourth section of the meeting, from 
June 14 to 18, will be organised by the Société 
Francaise de Métallurgie. The first two days of 
the meeting will be spent in Paris and for June 16 
and 17 provincial tours have been arranged. 

The last day of the meeting, June 18, will be 
spent in Paris and in the evening an official 
reception and banquet will take place at 
Versailles. 

After the main meeting, tours are being 
arranged to other European countries, including 
Austria, Italy and Switzerland. 
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BOOK REVIEWS 


Fundamentals of Transistors. By LEONARD M. 
KRUGMAN. Chapman and Hall, Limited, 37 
Essex-street, London, W.C.2. (21\s.) (Origin- 
ally published in the U.S.A. by John F. Rider, 
Publisher, Inc., New York, N.Y.) 


Transistors can perform many of the functions 
of thermionic valves and their use offers marked 
advantages where compactness and low power 
consumption are important factors. They cannot 
compete at present with valves where operation 
is required at high temperatures, high frequencies 
or high power levels. The advantages of their 
use in light portable apparatus such as hearing 
aids and detectors of nuclear radiations are 
already being exploited, while their application 
to large electronic devices such as digital 
computors is being undertaken on both sides 
of the Atlantic. 

Although many papers have appeared which 
deal with transistors and their application in 
linear and non-linear circuits, there is a lack of 
information in collected form. The present 
volume, written by a member of the U.S. Signal 
Corps Engineering Laboratories, is intended to 
provide the technician and the amateur with 
practical information on their use. The first 
two chapters contain a short and necessarily 
superficial account of the physical phenomena 
on which transistors and other semi-conductor 
devices depend, together with a brief description 
of the construction and characteristics of the 
more important types of transistor. The next 
two chapters discuss the transistor as a four- 
terminal network and provide numerous worked 
examples and impedence graphs. These forty 
pages of rather tedious algebra and arithmetic 
(nearly a third of the book) are likely to dis- 
courage the reader, who has not yet been shown a 
single circuit incorporating a transistor. This 
section could with advantage have been much 
reduced. For example, considerable space is 
devoted to the point-type transistor used in the 
grounded emitter and grounded collector circuits, 
but the calculations do not bring out clearly the 
fact that the point-type transistor thus connected 
is of negligible value in linear circuits. The net- 
work approach described is not a great help to 
the understanding of non-linear circuits, and is 
more accurate and more complex than is 
necessary for a basic understanding of the 
operation of linear circuits. The last three 
chapters are devoted to practical transistor 
circuits and deal with linear amplifiers, oscillators 
(including relaxation oscillators and both mono- 
stable and bi-stable trigger circuits) and high- 
frequency applications. 

Much useful information is provided, and it 
is therefore regrettable that the book is marred 
by misleading and sometimes incomprehensible 
statements, errors and unwisely chosen examples. 
These are too numerous to catalogue here, 
but three representative examples may be 
quoted: (1) “ The theoretical maximum power 
gain is the maximum current gain and the 
maximum voltage gain” (page 36) reads little 
better in its context. (2) Fig. 5.3 on page 73 
is supposed, according to the text, to illustrate 
the effect of a change of I,, (base to ccllector 
leakage current) in the transistor. The effect 
illustrated is, however, almost entirely due to a 
change in transistor current gain. (3) On pages 
74 and 75 various methods of supplying base 
bias to a junction transistor amplifier are 
described and a particular method (illustrated in 
Fig. 5.6A) is advocated as needing only a single 
battery. However, this advantage does not 
apply to amplifiers of more than one stage, as 
the battery floats with the potential of the 
transistor collector, so a separate battery is 
needed for each stage. The task of comprehend- 
ing transistor circuits is not made easier by 
artificial hazards such as these. 

There are some important omissions, such as 
the precautions which must be taken with 
triggered circuits to minimise the effect of varia- 
tion of I,,. The effect of hole or electron 
storage in limiting the operating speed of non- 
linear circuits is not mentioned, though it can be 


considerably more important than dispersion, 
which is discussed at the beginning of Chapter 7. 
The gravest omission is that of any references 
to the many published papers on which the 
author has drawn for most of his material. 
Work done outside the United States has been 
ignored. At present the book has the important 
advantage of being nearly alone in its field, but 
that is not the most important feature of a 
new book. 


Non-Specialist Graduates in Industry. By 
ANTHEA COLLINS. The Bow Group, 46 Queen’s- 
grove, London, N.W.8. (\s.) 

This brochure is concerned with the question of 

the industrial employment of those who are 

usually known as arts graduates. The term 

“arts” is taken to mean all non-scientific 

subjects, although some, history, for example, 

would not generally be described as arts. The 
term non-specialist is probably more accurately 
descriptive. It is defined here as a graduate who 
has had no specific training for the post he takes 
up, as has, for instance, an engineering graduate. 
The problem of the employment of arts graduates 
in industry has been the subject of much dis- 
cussion during recent years and the Eederation 
of British Industries and other bodies have 
published reports bearing on the matter. The 
question is of such importance, however, that 
this further publication is fully justified. It has 
been prepared by the Birmingham Branch of the 

Bow Group. 

Broadly, the pamphlet may be said to be 
addressed to industry rather than to graduates 
although the latter are offered some advice. As 
is admitted, there are a number of large firms 
already operating training schemes for arts 
graduates in order to fit them for non-technical 
posts, but it is contended that industry as a 
whole, particularly as represented by the smaller 
firms, has hardly yet realised that the best among 
the school-leavers, who have been recruited in 
the past for ‘“ middle positions,” now proceed 
to universities and that it is desirable to look to 
that source for a supply. The expression 
‘* middle positions ”’ is quoted from the pamphlet. 
It is implied that industry has been inclined to 
confine its intake of arts graduates to first-class 
men, with a view to training them for the higher 
positions, but in view of the extent of the demands 
for staff it is desirable that industry should recruit 
on a broader scale with a view to training 
“assistant heads of office departments, such as 
sales, personnel and buying.” 

It is suggested that the “ most important 
attributes ” of university graduates are “* straight 
thinking, original thinking and a capacity to 
make decisions.” These admirable qualifica- 
tions are of value in any walk of life and as 
far as the relative freedom, the social contacts 
and the opportunities for leadership in college 
activities, which are provided by university life, 
impart them, then the product will certainly be 
of value in industry. The techniques and 
special knowledge required in industrial life 
should be imparted by the firms by which 
graduates are employed, not taught by the 
universities. Some advice is offered to the 
graduates. The majority “ are not academically 
brilliant.” They cannot all become managing 
directors but should realise that industry offers 
useful and profitable careers to those who are 
prepared to comply with its necessary conditions. 
There is certainly a quite meaningless social 
prestige still attaching to academic activities and 
the civil service, but it is gradually being elimin- 
ated. The acute suggestion is made in this 
brochure that the absence in America of a 
*‘ climate of opinion ”’ which relegates industry 
to a lower social scale may be due to the generally 
lower standard of education in that country 
which does not separate the graduate so sharply 
from the rest of the population as is the case here. 


in Agriculture. By P. H. SouTHWELL. 

Published in association with “‘ Farm Mech- 

anization,” by Temple Press, Limited, Bowling 
Green-lane, London, E.C.1. (30s.) 

In the space of little more than 20 years, mech- 

anisation has become essential to the well-being 
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of agriculture. The equipment has been ev: lved 
by the application of data and experien : of 
mechanical, electrical and civil enginec “ing. 
As a result, the scope of agricultural engine: ring 
is very wide, and although provision has een 
made for those acquiring the specialised k .ow- 
ledge for designing agricultural machinery, ‘here 
is an ever increasing demand for informatic on 
basic engineering principles by those whc use 
farm machinery. This book, written i: an 
easily understood manner, will be of conside:able 
interest and help. 

Some knowledge of engineering principles is 
a better basis for obtaining higher woiking 
efficiency and a good standard of maintenance 
than mere rule-of-thumb methods, particularly 
as machines and implements tend to become 
more complicated in design and require many 
adjustments to meet different working conditions, 
The book should assist those agriculturalists 
who make simple modifications to meet particular 
circumstances, and—even more important—it 
should help to reduce the number of attempted 
improvements which fail because they are con- 
trary to sound practice. Many important new 
designs have, however, started as ideas on a 
farm, and any such co-operation with engineer- 
ing firms is dependent upon the agriculturalists 
having a knowledge of engineering terms and 
principles. 

Mr. Southwell’s book should be of consider- 
able value to students embarking on a career 
in agricultural engineering; if their background 
is agricultural, the information will fill the gap 
between their existing knowledge and the text- 
books on engineering. If their background is 
engineering, it will provide sound examples of 
the application of engineering principles to 
every-day problems in agriculture. The applica- 
tion of principles is an important feature of the 
book and is a subject in which the student often 
shows weakness. 

The early chapters previde the elements of 
physics and mechanics needed to understand the 
main subjects. In each chapter the subject is 
dealt with systematically and is well supported 
by diagrams. For example, the chapter on 
pneumatics covers ventilation, air pumps, fans, 
the laws governing the relative performance of 
fans, and the measurement of air velocity and 
pressure. In the fan section there is sufficient 
information to enable the reader to calculate the 
effects of changing a fan speed, the horse-power 
requirement, the air delivery, etc. The illus- 
trated examples on the application of principles 
of pneumatics include grain cleaners, grain 
conveyors, silage cutter blowers, ventilation 
drying of grain, and standard grain driers. The 
chapter on efficiencies describes the use of 
efficiency curves, including hydraulic, electrical, 
pneumatic, thermal and mechanical efficiencies, 
The internal-combustion engine is dealt with 
at some length. In the section on mechanical 
efficiency there is a simple calculation on the 
power required to operate a farm elevator and the 
examples chosen emphasise the importance of 
working a machine at the correct capacity to 
achieve efficient operation. Other subjects in- 
clude electricity, heat engines, hydraulics, and 
strength and properties of materials. 


x *& ® 


CATALOGUE OF RADIO-ISOTOPE 
INSTRUMENTS 


The Scientific Instrument Manufacturers Asso- 
ciation of Great Britain, Limited, 20 Queen 
Anne-street, London, W.1, have produced a 
125-page booklet which lists and describes 
instruments and accessories for industrial radio- 
isotope work. At a function held on March 30, 
the first copy was presented to Sir John Cockcroft 
by Mr. C. E. T. Cridland, the President of the 
Association. The book is designed to assist the 
intending user of radio-active isotopes, and gives 
details of the various detector-elements and 
associated apparatus used for radio-active assay 
and radiation monitoring, together with the 
name and address of the manufacturer. Copies 
of the book can be obtained from the Associat'on. 
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DEEP-SEA DIVING EQUIPMENT 


SOME POST-WAR 


At a meeting of the Royal Society of Arts in 
Lond: recently, Sir Robert H. Davis, chairman 
of Sicbe, Gorman and Company, Limited, gave 
a lecture on “ Recent Developments in Deep 
Sea Diving.” We give below extracts from Sir 
Rober'’s paper. In addition to the subjects 
consiciered here, he dealt with the use of helium- 
oxygen mixtures (which eliminate nitrogen nar- 
cosis at great depths), with special reference to 
the depth record of 90 fathoms set up in 1948 
by Petty Officer William Bollard. He also 
touched on articulated metal diving armour and 
discussed methods of escape from sunken sub- 
marines. 


Since the second World War, considerable use 
of the deep-sea observation chamber for salvage 
at the greater depths has been made for the 
recovery of cargoes of metal, such as copper and 
lead which were in short supply in the post-war 
years, and whose value made salvage worth- 
while. The most recent noteworthy employment 
of the observation chamber was in the recovery of 
the wreckage of the Comet airliner off Elba. 
The great advantage of the deep-sea observation 
chamber is that the diver is breathing air at 
atmospheric pressure and kept pure by the 
regenerative method, using oxygen and CO, 
absorbent, etc., so that none of the complications 
attending the standard-dress diver are involved. 

Before the second World War, the depth record 
in chambers specifically designed for deep-diving 
records was held by William Beebe, an American, 
who used his Bathysphere, a spherical chamber of 
steel, fitted with quartz windows, and equipped 
with breathing apparatus on the regenerative 
principle. The chamber was lowered and raised 
by wire-ropes from a surface craft employed in 
the operations. Beebe reached a depth of 
3,028 feet, but that record was beaten by Barton, 
also an American and partner in Beebe’s earlier 
dive, who descended to 4,500 feet in a similar 
chamber. 

Later, that intrepid Swiss scientist, Professor 
Auguste Piccard, broke Beebe’s and Barton’s 
records when he descended in a spherical 
observation chamber attached to the bottom of 
his cleverly-designed and original vessel, whose 
negative and positive buoyancies were controlled 
entirely by the occupants of the observation 
chamber. This combination, called the Bathy- 
scaphe, made Piccard self-sufficient and inde- 
pendent of surface-craft, wire-ropes, etc., such 
as were used for lowering and raising the Beebe- 
Barton Bathysphere. He himself was the first to 
descend in the sea to a depth of 10,335 feet, 
where the plus pressure is 4,593 lb. per square 
inch. In 1954, two French naval officers, Lieut- 
Commander Georges Houot and Engineer- 
Officer Pierre Willm, in a Piccard Bathyscaphe, 
broke the Professor’s record by a descent to 
13,387 feet—where the pressure is 5,900 lb. per 
square inch. The speed of descent averaged 
about 1 ft. per second, and of ascent—much 
greater—about 3 ft. per second. 

_ The pressure-tight sphere of the Bathyscaphe 
is equipped with oxygen and CO, absorbent 
sufficient to keep two men in satisfactory 
Tespiratory conditions for 24 hours, together 
with automatic cameras, scientific recording 
instruments, and an automatic harpoon gun to 
acquire specimens of deep-swimming fish. I 
belicve that the fish were not noticeably co-oper- 
ative in getting in line with this weapon. Power- 
ful electric lamps were mounted on the ballast 
Portion, and small electrically-driven propellers 
gave the craft some lateral radius, whilst a drag 


chain gave warning of close proximity of the 
bottom. 


SELF-CONTAINED DIVING APPARATUS 


4. \though an apparatus of the “‘ closed circuit ”’ 
typ:, Le., using undiluted oxygen from a cylinder 
anc a chemical CO, absorbent, had been intro- 
du.ed by the Siebe Gorman company 75 years 


DEVELOPMENTS 


ago, and the ‘“ Salvus A.N.S.” was, in fact, 
standard equipment for shallow-water work in 
the Royal Navy before the last war, it was the 


Italian Navy who first used a type of self-” 


contained apparatus belligerently, and success- 
fully, in its underwater attacks on British vessels 
at Gibraltar and Alexandria in 1941. This 
provoked quick response from the Admiralty 
and by 1942 the Admiralty Experimental Diving 
Unit was established in the Experimental 
Department of the Siebe Gorman works at 
Tolworth, Surbiton. 

Here, in the ensuing years of the war, were 
designed, tested and manufactured the many 
equipments used for ‘“‘human_ torpedoes,” 
‘** midget ” submarine divers, mine clearance in 
various forms, and various others for special 
underwater operations. The diving apparatus 
of the ‘‘ charioteers”’ who manned the human 
torpedoes was an enlarged version of the Davis 
submarine escape apparatus. 

Exhaustive tests were carried out in special 
chambers on many hundreds of willing volunteers 
of the Royal Navy to establish the operational 
limits to which men would work with these 
underwater weapons. Much valuable data was 
gained on the subject of the effect of breathing 
undiluted oxygen under pressure. It is generally 
accepted that undiluted oxygen breathed at a 
pressure exceeding 14-7 Ib. per square inch, 
equivalent to 33 ft. depth of water, causes 
oxygen poisoning, a condition bringing on 
convulsions, unconsciousness and even death. 
Its effects on individuals are subject to great 
variation and there is much more to be learnt 
on this subject. 5 

An important feature of the closed-circuit 
oxygen apparatus was the almost complete 
elimination of surface bubbles—a vital factor in 
stealthy operations, dependent for their success 
on the essential element of surprise. For this 
reason, it was not until after the war that 
attention was transferred to more pleasurable 
means of utilising self-contained apparatus, 
i.e., the Aqualung. With this the diver carries 
cylinders of compressed atmospheric air—not 
oxygen—and discharges his exhaled breath into 
the water. He can, therefore, dive to greater 
depths with impunity than if he was diving on 
pure oxygen. 

The twin-cylinder Essjee Aqualung has two 
1,200-litre (40-cub. ft.) cylinders carrying air 
compressed to 120 atmospheres, or 1,800 Ib. 
per square inch. A reducer and demand valve 
deliver air to the wearer automatically to the needs 
of his lungs. The amount of air used depends 
upon the degree of the exertion of the diver and 
his depth. As examples, and assuming normal 
light exertion, the twin-cylinder set would last 
for about 70 minutes at 12 ft., or about 30 min- 
utes at 60 ft. A face-mask and swim-fins are 
worn with the apparatus. 


UNDERWATER TELEVISION 


A most important development is the adapta- 
tion of television to underseas operations. It 
has already proved its worth in the discovery of 
the ill-fated submarine Affray and in the salvage 
of vital parts from the wreck of the Comet air- 
liner Yoke Peter. And one can see how useful 
and time saving it will become in marine biological 
and oceanographic research, inspection of 
damage to ships’ hulls below the water line, 
harbour and dock surveys, salvage of ships, 
and recovery of sunken treasure. 

The Affray lies at a depth of 276 ft. (where the 
pressure is 126 lb. per square inch), on the very 
edge of the Hurd Deep, an underseas canyon 
80 miles long and, in places, 600 ft. deep. Thus, 
only by chance did she avoid coming to rest 
at the greater depth, where the pressure is 
267 lb. per square inch. Parts of the Comet 
airliner Yoke Peter were found off Elba at 
depths varying between 400 and 480 ft. (pressures 
between 178 and 214 lb. per square inch). This 
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case was an excellent example of successful 
collaboration between television giving its 
picture of the located wreckage on the salvage 
vessel’s screen, and the submersible observation 
chamber lowered to the site of the wreckage 
on the sea bed, so that the occupants could direct 
by telephone the men at the surface when and 
where to lower the mechanical grabs for raising 
the airliner’s remains, 

Pressure Casing.—The watertight casing of the 
television camera used in the Comet search is 
of special steel and is cylindrical in shape for 
ease of manufacture and reduction of waste 
space internally. The thickness of the casing 
depends on the maximum depth at which the 
equipment is to be used. This particular 
casing was tested for use down to 700 ft., but the 
construction of casings to go to greater depths 
does not present insuperable difficulties. Impor- 
tant parts of the casing are the various water- 
tight glands for the entry of the camera and 
lighting cables, etc. The rear end of the casing 
consists of a detachable plate through which the 
camera cable from the surface is led. A trunnion 
is fitted to which is attached the suspension cable 
from the surface, and which provides a movement 
of 90 deg. from the horizontal to vertically 
downwards. At the front end, off-centre, is the 
viewing port. 

Lighting.—Six 250-watt tungsten lamps, in 
watertight housings, are mounted on a radial 
gantry, and are fed from a junction-box on the 
side of the casing. These are arranged so as to 
give even illumination on the target area. 

Camera.—This is a standard Marconi Mark 
1B unit, suitably modified to allow the various 
controls to be operated remotely from the surface 
through the closed-circuit cable. 

Viewing Port and Optical System.—A. unique 
feature, and one which marked a great advance 
in this type of equipment, is the periscope device 
introduced by Marconi for viewing the object 
under examination. Prior to its introduction, 
a serious defect was that the camera had a 
fixed lens and, therefore, the whole camera itself 
had to be moved in order to keep it on a certain 
target, or to scan an area. This, it will be 
appreciated, was difficult to control from the 
surface. 

The periscope system is driven by small electric 
motors mounted on the rear of the lens assembly, 
and is controlled by simple and rapid switching 
at the surface control unit; the viewing port, 
through which it operates, is made of Perspex 
and is spherical in shape. This device enables 
the “‘ eye ” of the camera to rove, when looking 
vertically downwards, in a complete hemisphere, 
ie., 360 deg. in azimuth, and 90 deg. either 
way in elevation—all without movement of the 
camera casing, and operated by one man at 
the surface control. 

Surface Control—The camera-control unit 
and the remote-control unit at the surface are 
operated by one man who controls azimuth, 
elevation, focus, iris and zoom. The units are 
compact and include the -monitor screen. 
Additional monitors can be fed off this unit if 
required, 

In certain operations it is found extremely 
useful to record the view on the monitor screen 
by means of still or ciné-photography. Since 
the construction of this particular equipment, 
the Marconi and Siebe Gorman firms have 
made various improvements and modifications. 


CUTTING AND WELDING 
METALS UNDER WATER 


The processes generally employed for cutting 
and welding metals under water by divers are the 
oxy-hydrogen and the oxy-electric arc. While the 
all-gaseous system ensures somewhat cleaner 
cuts and welds, the oxy-arc process can be used 
more successfully at greater depths. The tem- 
peratures of the cutting flames are: oxy-hydrogen, 
4,600 deg. F.; oxy-arc, 7,000 to 9,000 deg. F. 
The greatest depth at which cutting by the gaseous 
method can be done efficiently is approximately 
120 ft. The greatest depth at which oxy-arc 
cutting can be done is well within the working 
depth of a diver. Steel plate 1 in. thick can 
be cut at the rate of 104 in. per minute, only a 
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little longer than the rate at the surface. The 
oxy-arc cutter is constructed mainly of an 
insulated hollow rod of Alkathene, the valves 
and holder being of bronze. 


INTERCOMMUNICATION BETWEEN 
DIVERS AND ATTENDANTS 


The earlier type of diver’s telephone requiring 
headphones for reception, and a carbon micro- 
phone mounted inside the diver’s helmet for 
transmission, were reasonably efficient, but gave 
signals at a low level and were subject to con- 
siderable interference from helmet air noises. 
The advent of the valve amplifier has now enabled 
the diver’s thermionic type of telephone to be 
evolved. The instrument used by the Royal 
Navy uses a single transceiver in the helmet, 
instead of the separate microphone and head- 
phone; the diver’s speech is amplified and 
received at loudspeaker level at the surface. 

Sets are designed either for one diver, or for 
two divers operating together. With the latter, 
the following functions can be carried out: 
(1) the surface attendant can speak to either or 
both divers at all times; (2) the divers can speak 
to the surface attendant; (3) one diver can talk 


to the other, each man pressing a chin-push 
before speaking. The surface attendant can 
listen-in to their conversation, and can break in 
if necessary. 

Priority of speech is from the divers to surface, 
but the surface control officer can interject at 
any time to either diver, or to both at the same 
time. These operations are carried out by 
simple switching-on of the surface instrument, 
which is also fitted with a buzzer and with 
indicator lamps. The indicator lamps are as 
follows. The supply indicator lamp is white 
and, when on, indicates that the set is switched 
on, and ready for use. There are also two divers’ 
indicating lamps, one for each diver, and they 
are only illuminated when the divers are com- 
municating between themselves. When No, 1 
diver is speaking, his lamp is red, and when 
No. 2 diver is speaking, his lamp is green. 
The surface unit is compact and watertight, 
and weighs approximately 35 Ib. It is quite 
portable and, with its 6-volt accumulator, 
is independent of mains supply. As with the 
earlier headphone type of apparatus, the tele- 
phone cable is embedded in the diver’s signal 
line, which is of standard pattern. 


SWEDISH NUCLEAR REACTOR 


UNDERGROUND SITE ECONOMISES 
IN SPACE AND HEATING 


Within the last few months, the first Swedish 
experimental nuclear reactor has been set in 
operation. Although of fairly orthodox design, 
it is unusual in that, to save space, it has been 
located underground beneath a populated part of 
Stockholm; moreover, it is believed that this siting 
will serve not only as a safety measure in case of 
reactor excursion, but also as a means of heating 
when the building and its surrounding rock have 
reached thermal equilibrium. With a _ design 
power rating of 300 kW the reactor is likely to 
be the predecessor of a larger model rated at 
between 10 and 20 MW; natural uranium is used 
as fissile material and heavy water as moderator. 
The description of the reactor published here has 
been prepared on the basis of information supplied 
by Dr. S. Eklund, Head of the Physics Department 
of the Swedish Atomic Energy Company (Kristian- 
vag, Stockholm), to whom acknowledgment is 
made for both technical data and illustrations. 


The first experimental nuclear reactor to be 
built in Sweden was completed during 1954, 


Roof of reactor hall under construction. 
a 


and a chain reaction was started on Tuesday, 
July 13, of that year. Shortly afterwards the 
plant was closed down, but a few months later, 
after the summer vacation, it was again brought 
into operation. The reactor itself is fairly 
orthodox. It has a design power of 300 kW 
and uses natural uranium metal as the fissile 
material, and heavy water as the moderator. 
It is cooled by circulating the heavy water 
through a heat exchanger with air as the cooling 
medium, This rather bulky solution was 
adopted, it is understood, to avoid the risk of 
contaminating the heavy water with light water 
as might occur in a water-cooled heat exchanger. 


UNDERGROUND SITE AS PROTECTIVE 
MEASURE 


The most novel feature of the present project 
is the site of the reactor, which is in a fairly 
populated part of Stockholm (the population 
within a circle of 500 metres radius is believed 
to be about 35,000). It is in the immediate 
vicinity of the Swedish Atomic Energy Com- 





Since, to be self-supporting, the span cannot exceed 
chamber has been adopted with the reactor at its centre; this affords the 
maximum space near the reactor for ancillary equipment. 
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Fig. 1 Disposition of reactor and associated 
plant. Chosen to save space, the underground 
siting also offers protection in the event of reactor 
excursion; moreover, when the building and its 
surrounding rock reach thermal equilibrium, no 
central heating will be required. 


pany’s laboratories. This part of the city is 
rather crowded, and only an underground loca- 
tion for the reactor was possible. When the 
company adopted this solution, they noted that 
they not only solved the space problem, but 
gained a useful measure of protection in the event 
of a reactor excursion. 

The underground building is situated in solid 
rock-granite and gneiss. Access to the reactor 
hall (see Fig. 1) is provided by means of two 
vertical shafts, one of which contains two 
elevators; the other includes a staircase as an 
emergency exit and large air ducts for the heat 
exchanger. The roof of the excavation has to be 
self-supporting and this imposes a limit to the 
span of about 12 metres. As a relatively large 
area is needed around the reactor for experimental 
equipment, the hall housing has been made in 
the form of a cross with the reactor at its centre. 
The total volume of the excavation is 13,00 
cubic metres. The excavation was started in 
July, 1951, and was completed in October, 1952. 
The total cost was £64,000, which corresponds 
to about £5 per cubic metre. This is rather high 
compared with the usual costs for underground 
factories in Sweden, but it appears that in this 
case the complex nature of the cavity entailed 
very careful blasting. 


NEUTRON FLIGHT PATH IN 
VERTICAL HOLE 

In Fig. 1, which is a perspective drawing of 
the reactor hall, a is the reactor, b and c are 
shafts, d is the chamber for the ventilation plant, 
e is an active-chemical laboratory, f is a bank 
for radioactive samples produced in the reactor, 
g is a storage room for radioactive waste, h is 
a chemical laboratory for the extraction of 
plutonium and fission products from irradiated 
fuel elements and i is a storage tank for the 
heavy water. Fig. 2 shows some of the con- 
structional work associated with the mounting 
of the internal roof. 

Another interesting but minor feature of this 
reactor housing is that a vertical hole, about 
50 cm. in diameter is being drilled through the 
rock along the centre-line of the reactor. This 
hole containing an evacuated tube will be used 
in conjunction with a fast chopper, and wil! offer 
a flight path of 25 metres for the neutrons from 
the reactor to the detectors. The detectors 
themselves will be mounted in a small bu'ding 
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above ground. This is a very satisfactory 
experimental arrangement for studies in neutron 
spectroscopy. 


ROCK AS THERMAL ACCUMULATOR 
FOR SPACE HEATING 


The costs for the reactor building, including 
excavation, total about £275,000. It is under- 
stood that certain savings will be made in the 
future because no heating will be needed after 
a period of about two years, when the surround- 
ing rock will have reached thermal equilibrium 
with the building. According to the designers 
of the plant, an underground housing of this 
kind in Sweden is not more expensive in the long 
run than a building above ground. 

The reactor is of the CP3 type and has been 
designed in such a way that the essential parts 
can be taken out and replaced if they are 
damaged. Fig. 3 shows its general layout; 
k is the ventilation machinery, / is the ventilator 
for the heavy-water-air heat exchanger, m is a 
filter for the cooling air and n is the storage tank 
for heavy water. 


** CANNED ” URANIUM RODS 


The reactor tank (1:85 metres in diameter and 
2:54 metres high) is made of “* Reflectal,”” which 
consists of very pure aluminium (99-99 per cent.) 
alloyed with 0-5 per cent. of magnesium. The 
thickness of the cylindrical part is 3-5 mm. and 
of the rounded bottom 5 mm. The uranium 
rods, 126 in number, are arranged in a hexagonal 
lattice, with a lattice constant of 145 mm. 
The rods, which are 29 mm. in diameter and 
vary somewhat in length, consist of solid 
uranium metal rods “canned” in Reflectal. 
In the canning procedure, the Reflectal tube 
fitted loosely over a uranium bar is forced 
through a die, which reduces the wall thickness 
of the tube from 1-25 to 1:10 mm. Heavy 
metal contamination on the surface of the canned 
rods is dissolved by an acid treatment, and the 
rods are then electrolytically polished and 
anodised. 

Heavy water is pumped from a storage tank 
below the reactor to the reactor tank by means 
of a centrifugal pump, the capacity of which is 
60 litres per minute. Provision is made for 
reducing this value, so that the pump may also 
be used for fine adjustment of the heavy-water 
level. From the tank, the water is circulated 
through the heat exchanger by means of another 
centrifugal pump, of 1,000-litres per minute 
capacity; both pumps have special seals to 
prevent leakage. About 0-1 per cent. of the 
circulating water passes a mixed-bed ion- 
exchange column to keep the water clean. The 
atmosphere above the water surface consists of 
helium, which is circulated by two gas-tight 
blowers through a recombination unit of the 
p lladium catalyst type. 

The heat exchanger, which is of cross-flow 
Pp .ttern, is made of stainless steel, and cooling 
ar flows through it at a rate of 84,000 cub. m. 
I r hour. During the winter it will be capable 
€ dissipating much more than the design power 
© 300 kW. 
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“ENGINEERING” 

There are two safety rods symmetrically 
situated close to the central channel, which is 
a tube of 154-mm. inside diameter passing right 
through the reactor tank. The safety rods are 
actuated by magnetic clutches, and fall down 
by gravity in less than 2 seconds into their 
‘**in” positions. They are estimated to corre- 
spond to a reduction in reactivity of about 
2 per cent. 


CONTROL BY TWO REGULATING 
PLATES 


Two regulating plates operate between the 
reactor tank and the surrounding graphite 
reflector and provide a control on reactivity of 
about 0-8 per cent. One is intended for auto- 
matic stabilisation of the power level, while the 
other gives a coarse adjustment of the reactivity. 
This control is operated manually with the aid 
of a servo-mechanism, and no restriction is set 
on its range of movement, because of the small- 
ness of the increment of reactivity it allows. 
Facility for making more extensive adjustment 
to the reactivity is also to be provided, with a 
range of between 1 and 2 per cent., but the use 
of this control will be subject to severe operating 
restrictions, for reasons of safety. The power is 
monitored by six boron chambers. 

The reflector, which is 900 mm._ thick, 
surrounds the bottom and cylindrical part of the 
iank. It consists mainly of 18 layers of graphite 
bars, each with a cross-section of 185 mm. by 
185 mm. The impurity in the graphite does not 
exceed 2 parts per million boron equivalent. 





Fig.4 The reactor hall complete. 


The biological 

shield consists of concrete mixed with iron ore 

and is lined internally with a cadmium-aluminium 

sandwich; the shield thickness is 1-8 metres, 
and its specific gravity about 3-8. 
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The reflector extends through the shield at one 
side, forming a thermal column with a smallest 
cross-section of 1-50 metres by 1-64 metres, 
The ordinary concrete shield around the thermal 
column is lined with bricks containing 2-5 per 
cent. boron. An air-stream (up to 9,000 cub. m. 
per hour) passing upwards between the tank and 
the reflector, and then downwards between the 
graphite and the shield, cools the reflector. 
This air is passed through a glass-wool filter 
and then exhausted through a stack, 37 metres 
high. The whole volume inside the shield is held 
below atmospheric pressure. 

The biological shield consists of concrete 
mixed with iron ore, poured into position. 
Altogether about 1,500 tons of iron ore have 
been used, and the specific gravity obtained is 
about 3-8. The thickness of the shield is 1-8 m., 
and its interior is lined with a cadmium-alumin- 
ium sandwich. 

The shield is pierced by about 40 horizontal 
and 20 vertical channels of various sizes, and 
one vertical and 5 horizontal channels pass 
through the tank. Special tubes of small 
diameter penetrate the shield in a certain pattern 
in order to facilitate measurements in the shield 
of the distribution and absorption of radiation 
from the active core. As in certain channels 
the plugs do not pass right through the shield, 
these channels are provided with thick walls of 
cast iron to prevent radiation leakage from pass- 
ing obliquely through the concrete. A pneu- 
matic device enables standardised samples of 
material for irradiation, to be transported to 
about 60 different positions in the reflector, and 
from there to a storage room, 

During the first period of operating the 
reactor a number of gamma- and neutron- 
sensitive ion chambers were mounted provision- 
ally in fixed locations in the reactor hall. These 
are now being placed in positions which have 
been found by test to be most suitable for 
monitoring purposes. In the outlet filter for the 
reflector cooling air, an ionisation chamber is 
installed, and a proportional counter is provided 
in the helium circulation line. The ion-exchange 
column for the heavy water is surrounded by a 
stack of Geiger counters which indicate the 
presence of fission products escaping into the 
water should a crack occur in a fuel can. It is 
also possible to take air samples from three 
different ventilating ducts; those for the active- 
chemical laboratory, the hot-extraction labora- 
tory, and the graphite-cooling air. Finally, 
two recording monitoring stations are being 
erected some distance from the ventilation stack 
to monitor particle activity in the air. 


REACTOR HALL AND INSTRUMENT 
ROOM 


Fig. 4 shows the reactor hall as it is at the 
present time. It is anticipated that very soon 
experimental apparatus will begin to make its 
appearance around the reactor, but this must 
wait until its characteristics have been more 
fully investigated. So far the reactor has only 
been used at low power (of the order of a few 
watts), but it will shortly be operated at much 
higher powers. 

The instrument room contains two sets of 
panels; one is concerned with temperature 
recording, and the other is the main unit, The 
main panels comprise the repeating mechanisms 
for indicating the positions of the control plates 
and shut-off rods; the counting units associated 
with the proportional counter circuits for low- 
power measurements ; and the direct-current 
amplifiers for the ion-chamber detectors which 
serve the power-level measuring circuits and 
safety circuits. 

xk k * 


RADIO TELEPHONE LINK 


An ultra-high-frequency link has recently been 
completed by Standard Telephones and Cables, 
Limited, Aldwych, London, W.C.2, for the 
Companir Telefonica Nacional de Espana; it 
will provide telephonic communcation between 
Algeciras in Spain and Centa in North Africa, 
a distance of about 20 miles. 
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DROPWISE CONDENSATION ON A 
METAL SURFACE’ 


A STUDY OF ITS DURABILITY 
By H. Hampson, M.SC.TECH., M.I.MECH.E.+ 


It is confirmed that all metal surfaces need a 
promoting agent to produce dropwise condensation. 
A mirror polish gives a longer duration of dropwise 
condensation than other finishes. Mixed promo- 
ters give longer duration than a single substance of 
the mixture and different promoters have differing 
effectiveness on various metals. The presence of 
a non-condensable gas increases the lives of drop- 
wise surfaces and the cleanliness of the metal 
surface before the addition of the promoter has a 
considerable effect upon the life. 


INTRODUCTION 


When water vapour condenses on a cooled 
metal surface the usual appearance is one for 
which part of the area is covered by droplets of 
spherical shape, other parts by small accretions 
of water of irregular shape — sometimes running 
together to form an area of film-—and the 
remaining part appears to be free of water. 
Several investigators'.*.*.*.°, examined the phe- 
nomenon more closely and established that under 
conditions of chemical cleanliness water will 
condense on a metal ‘surface as a continuous 
film. In order that drops may form, the inter- 
facial tensions at the metal surface must be 
modified by the presence of a promoter, usually 
a fatty acid, though many other substances are 
effective under suitable conditions. When 
properly applied these promoters will produce 
purely dropwise condensation over the whole of 
the cooled surface for limited lengths of time; 
some, e.g., benzyl mercaptans on copper, 
produce lasting effects. 

Other conditions affecting the nature of the 
condensation are the surface finish, the presence 


* Paper No. 23 of the Heat Division, Mechanical 
Engineering Research Organization, Department of 
Scientific and Industrial Research, Glasgow. 
Abridged. The investigation described was carried 
out at Queen Mary College, University of London. 

+ Reader, Civil and Mechanical Engineering 
Department, Queen Mary College, London. 
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Fig. 1 Conditions of a liquid lying on a horizontal 
surface. 





Fig. 2 ‘‘ Ideal ’’ dropwise condensation. 


of non-condensable gases, the temperature of the 
surface and the rate of condensation. These 
are particularly important in the appreciable 
effect they have on the duration for which 
dropwise condensation persists. 

There is considerable  c¢criony tHrouGH 
practical advantage in CONDENSER 
preserving purely drop- 
wise condensation, par- 
ticularly where large 
heat-transfer rates are 
desired, since the surface 
or “ film” coefficient is 
of the order of 10 times, 
and the “ overall” co- 
efficient 2 to 3 times, 
that for condensation 
as a continuous film. 
This is due to (1) the 
conduction of heat 
through the surfaces 
of drops being greater 
than through an equal 
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contact angle ¢ reaches an equilibrium \ :lue 
given by 
Yso9 = Yst + Yg COS. . oun (2 


To eliminate the solid surface tensions, w iich 
are unknown, Adam’ combines (1) and (2) 
to give 

Z=Yvy(cos¢?—1). . . . (3) 


It follows that, for a complete film to f rm, 
z must be zero or positive, while a nece: sary 
condition for dropwise condensation is th it z 
be negative. But an additional conditio. is 
required for the dropwise state to persist during 
condensation processes, due to the growth and 
coalescence of the drops: if, after touching, two 












quantity of liquid spread 
as a uniform film over 
the same surface area; 
(2) the more rapid re- 
moval of the liquid in 
drop form due to coales- 
cence with rolling-down 
drops; (3) the high heat- 
transfer rate through 
the exposed areas be- 
tween drops, or through 
the very small drops. It 
follows that consider- 
able savings of space, 
weight and cost of con- 
densers would be ob- sEcTiONAL PLAN 
tained if dropwise con- 
densation could be con- Cooling Water 
tinuously assured. From Outies 
the academic standpoint 

the diversity of heat- 
transfer coefficients, for 
the condensation pro- 
cesses which have been Cooling Water 
reported, can be attri- — "4 
buted, in a large degree, : 
to the lack of uniformity 
in the surface condition. 
A study of the factors 
leading to longer dura- 
tions of the purely drop- 
wise condition was 
therefore considered 
desirable. Injection 


Point 
DROP FORMATION 


For a liquid lying on 
a horizontal surface we 
have 


Combined Drain 
and Vent 


\ 





as 


a Ne Te Vas 


(1) 


where Ys9> Vig and Ysi 
represent the interfacial 
tensions equivalent to 
the surface molecular 
forces, as shown in 
Fig. 1, and z is des- 
cribed as a “ spreading 
coefficient’’®. 

If z is positive the 
liquid will spread over 
the solid surface. If z 
is negative, the liquid 
will withdraw from the 
solid surface until the 
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Fig. 3 Apparatus for tests on dropwise-condensation durability. 
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Fig. 4 Apparatus for heat-transfer rates. 


drops merge so slowly that other drops on all 
sides combine with them, the surface may 
become covered by a film. Emmons®* came to 
the conclusion that four conditions were 
necessary for the dropwise state of the conden- 
sate to continue: (1) a large negative value of 
the spreading coefficient; (2) low condensate 
viscosity; (3) limited rate of condensation; and 
(4) polish of the cooled surface. 

It is possible to determine analytically the 
maximum size of a drop hanging from a hori- 
zontal surface, from tables given by Bashforth 
and Adams®, but no analysis is available for 
vertical or inclined surfaces. It will be obvious 
from Fig. 2 that the drops on a vertical surface 
with what may be called the ideal dropwise 
condition, appear to be spherical (or more 
accurately, segments of spheres) even on a vertical 
surface, right up to the moment when they 
commence to roll down, and the same arguments 
as for the horizontal surface would seem to 
apply. As soon as a drop commences to roll, 
some disruption of the molecular arrangement 
occurs, the advancing contact angle at the front 
of the drop then becomes much larger than the 
receding contact angle at the rear of the drop, 
and the latter becomes tear-like in shape. 

The maximum size to which a drop may 
grow will be a function of the contact angle, 
1e., of the interfacial tensions; for oleic acid 
on copper the contact angle has been determined 
by experiment at 60 deg. F. to be of the order 
of 70 deg. to 80 deg.; the drops will thus be 
rather less than hemispheres, and the maximum 
drop size for steam condensing on a vertical 
surface promoted with oleic acid was found to 
be very nearly 0-15 in. diameter when viewed 
normally to the metal surface. A similar size 
was found when mercaptans was used as 
Promoter. Emmons’ condition (3), above, only 
applies to long vertical surfaces on which the 
lower parts become flooded with condensate at 
high heat loads. 


EXPERIMENTAL WORK 


Although, in the first place, dropwise con- 
den sing surfaces were, in the present investiga- 
tions, examined with a view to finding those 
factors which would induce a surface to remain 
in 1 uniform dropwise condition long enough 
for quantitative heat-transfer tests of reasonable 
du ation to be performed, such information 
wo ‘Id also be necessary when considering possible 
ap lications. 

1 very few previous experiments, particularly 


where the heat-transfer rate was the main 
objective, has the condensing surface been visible 
while condensation proceeded, and the changes 
occurring on the surface have not been examined 
critically, or descriptions are vague. It was 
established conclusively by Drew, Nagle and 
Smith,* however, that some promoter was 
necessary on all metal surfaces, and patents have 
been taken out with respect to some that were 
examined by them. The effects of other possible 
factors present during condensation have proved 
somewhat elusive. Emmons*, for example, 
found that a small amount of air affected his 
dropwise surfaces appreciably; he also found 
that excessive amounts of promoter in some 
cases reduced, and in others increased, the 
duration of the dropwise phase. 

The present objective has been, as far as 
possible, to give more precision to the information 
available, and to test the compatibility of the 
observations on two sets of apparatus, the smaller 
one with a flat vertical condensing surface 1 in. in 
diameter, the other having a flat surface 5 in. by 
3 in. for condensation, and capable of being 
tilted to almost any angle. It is still found that 
what appear to be identical conditions do not 
give precisely similar results, but a reasonable 
measure of correlation is now possible. The 
principal variables affecting the life of a dropwise 
surface are enumerated below, and will be dealt 
with later under these headings in more detail 
in the same order. 

Cleanliness: (a) Initial cleanliness of the metal 
surface before applying the promoter, and 
absence of moisture on it”. (5) Cleanliness of 
other parts of the plant (e.g., steam-chest, steam 
pipes and boiler) and of the feed water. 

Metal and promoter: (c) The promoter used. 
(d) The mode of application of the promoter, 
e.g., by application directly to the surface of the 
promoter or promoter in a solvent, or by 
injection into the steam. (e) The metal and its 
surface finish. (f) The heat-transfer rate. 
(g) The pressure and temperature of the steam. 
(h) The temperature of the condensing surface. 
(i) The presence of a non-condensable gas. 
(j) The length and shape of the condensing 
surface. 


THE APPARATUS 


In the early stages, the qualitative inquiry was 
directed towards the detection of differences in 
the appearance of the surfaces which would 
assist when analysing the mechanism of dropwise 
condensation, and give some clue to the reasons 
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for the wide differences in heat-transfer coefficient 
reported by previous investigators. The pre- 
liminary tests showed that the maximum drop 
size attained, before detachment and rolling- 
down occurred, was of the order of 0-15 in., and 
the spacing of the lanes washed away by falling 
drops was not more than 0-5 in. The small 
apparatus was therefore devised with the con- 
densing surface 1 in. in diameter, and was 
expected to give more uniform cooling rates 
over the surface than the larger (4-in. to 6-in. 
diameter) surfaces used by some previous investi- 
gators.},?.4 

The smaller apparatus shown in the drawings 
Fig. 3 consisted of two 3,000-ml. glass vessels con- 
nected by metal tubing. The one vessel was the 
gas-heated boiler, fed from a still with water 
which was warm and contained very little non- 
condensable gas. A larger-bore brass tube took 
the steam from this vessel to the condenser. 
This tube had an intermediate branch which was 


_used for air evacuation or for injection of pro- 


moters or gases into the steam passing through 
it. In the condenser vessel was a 1-in. diameter 
tube which carried the test surface at its end —- 
soldered to it. Inside this tube were two 
smaller coaxial tubes; the innermost one carried 
the incoming cooling water and terminated in a 
bell-mouth just behind the test surface. The 
water velocities quoted in the tabulated results 
were those of the water passing along this tube. 
Surrounding this tube was another which formed 
an annular space for the cooling water to pass 
out of the condenser vessel. The intermediate 
tube also formed another annular space with the 
outermost tube; this annular space was com- 
pletely sealed off, and insulated the outer tube 
from the cooling effect of the returning water. 
By this means the main body of the 1-in. diameter 
tube was prevented from acting as a condenser; 
only about 4 in. back from the test surface was 
found to produce condensate. Higher cooling 
rates could therefore be applied to the test surface 
without fear of there being too little steam 
coming from the boiler to maintain a positive 
pressure in the condenser chamber. 

The tube leading the steam from the boiler 
into the condenser terminated near the test 
surface, and had the exit hole at the side remote 
from it so that there was no transverse steam 
velocity across the test surface. A drain tube in 
the brass cover-plate set the condensate level 
about 1 in. below the test surface, and a further 
hole in the cover-plate took the thermometer 
used to check that the entering steam was not 
superheated. There were no joints with soft 
packing which may have contaminated the steam. 
Ground joints were used in all positions except 
the gland where the large tube entered the cover 
plate; this gland was made tight with soft-lead 
wire. The tube carrying the test surface could 
be withdrawn for re-treatment without disturbing 
other connections. Every precaution was taken 
to prevent contamination of any kind, and 
periodic tests were made of the tube and test 
surfaces to ensure that filmwise condensation 
persisted for a day (8 hours) whenever any 
change was made to the apparatus. If necessary, 
the glass vessels were cleaned with chromic acid 
and the metal parts with trichlorethylene followed 
by caustic solution. The test before assembly 
was complete wettability with tap water. 

The two vessels were assembled in a common 
asbestos-cement-board chamber with suitable 
supports and access holes. It was found neces- 
sary, in order to prevent superheating of the 
vapour entering the condenser, to put an asbestos 
division between the two vessels, and a very 
small Bunsen flame was used to prevent misting 
of the inside of the condenser near the test surface, 
so that it could be inspected and photographed 
periodically. 

There were edge effects on this small con- 
densing surface extending to about } in. inside 
the boundary - e.g., drops were attracted to the 
perimeter from this distance-but the area 
examined was inside the affected parts. The 
general appearance of the test area was not 
identical with that of the condensing area 
(5 in. by 3 in.) on the larger apparatus, even if 
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the comparison were confined to the 1-in. wide 
band at the top of the latter, where one would 
expect conditions to be similar. The analysis 
of drop-size distribution also showed a difference, 
giving about 55 per cent. area covered by drops 
(over 0-005 in. diameter) on the small surface, 
and about 46 per cent. at the top of the larger 
(5 in. by 3 in.) surface. Nevertheless, it was 
concluded that the small surface did give a 
reasonable correlation with the larger, with 
respect to general appearance and life. 

The larger test surface was held between a 
water box and a steam-chest, as shown in Fig. 
4, and was supplied with gas-free steam from 
a separate boiler. 


CLEANLINESS 


A technique for producing a purely film type 
of condensation was developed very early in the 
programme, and since this type of condensation 
can only be maintained on a perfectly clean 
surface at normal heat-transfer rates, this 
became a test for cleanliness of all those parts 
of the apparatus coming into contact with the 
steam. The earlier treatments used for cleaning 
the interior of the smaller apparatus — which 
involved the use of boiling caustic solutions or 
rubbing with precipitated chalk — followed the 
technique of Nagle, Drew and Smith*, were 
found to be imperfect, and were later replaced 
by a thorough washing with trichlorethylene, 
followed by a rinsing with tap water, and the 
condensing surface only was rubbed with a wet 
felt carrying fine emery powder or powdered 
magnesium. 

Since, in the earlier stages, there was little 
interest in durations of film-type condensation 
longer than 24 hours—the time necessary to 
re-establish data on heat-transfer rates given by 
previous experimenters, and to determine the 
effect of inclination-and since the treatment 
given above would maintain filmwise conden- 
sation of clean steam for at least that time, no 
alternative treatments were developed. The 
treatment for film-type condensation was always 
used, however, as a preliminary to the further 
treatment required to produce a lasting purely 
dropwise condensation. This precaution gave 
a much better approach to consistency when the 
effects of treatments to produce dropwise 
condensation were examined. 

The following test was made to demonstrate 
the effect of the initial polishing with magnesium 
in producing lasting dropwise condensation. 
A mixed type of condensation had existed on a 
previously used surface for a period of several 
hours. The steam supply was discontinued 
and the whole surface was polished with mag- 
nesium powder and washed with water. On 
re-introducing steam the whole surface gave 
filmwise condensation for about half-an-hour; 
then drops spread from the edges until in about 
two hours the whole surface was giving perfect 
dropwise condensation. The experiment was 
repeated, starting again with a discoloured 
surface giving mixed condensation; one vertical 
strip only was polished, the other half remaining 
untouched. On recommencing the condensa- 
tion, the polished half gave perfect dropwise 
condensation, spreading from the vertical edge, 
over the whole half-surface, within two hours, 
and the untouched half still gave mixed conden- 
sation.* 

One experimenter‘ pre-treated his surface 
with ammonium sulphide to give a metallic 
sulphide layer on the metal, since such layers 
make possible the displacement of water by oil. 
This effect was also pointed out by Nagle and 
Drew’ and its relation to the froth flotation of 
minerals. 


DEFINITION OF LIFE AND 
DESCRIPTION OF APPEARANCE 


There did not appear to have been any previous 
systematic investigation into the lives of purely 
dropwise condensing surfaces. Drew and his 


_* Editor's note: An illustration of this effect, pro- 
vided in the original paper, has not been reproduced 
here because the difference is not distinguishable in 
the reproduction. 
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co-workers described as “ very effective” treat- 
ments which lasted more than 24 hours. One 
of the treatments with oleic acid on brass should 
have come into this category but gave only a few 
hours. The condition described as breakdown 
is necessarily arbitrary, as the process is a gradual 
one. A logical definition from the practical 
point of view would be the reduction of the 
heat-transmission rate, or the steam-side heat- 
transfer coefficient, to a certain fraction of its 
maximum value. It is obvious that this would 
entail too much time, especially as the life of a 
surface may extend beyond a week. For the 
present purpose an arbitrary assessment of the 
limit of the life was adopted, which was the 
condition when drops did not, in rolling down a 
(vertical) test surface, leave a clear path, but in 
coalescing with other drops formed a small area 
of film or a rivulet, which never completely 
disappeared, although its size and shape varied. 
It is assumed that when this condition was 
reached, some change had happened to the con- 
densing surface, either to the nature of the 
promoter, or to the diminution of its amount 
locally, so that it was insufficient to cover the 
surface completely. 

It should be remarked here that the injection 
of a little pure solvent (i.e., a solvent of the 
promoter, having a normal boiling point lower 
than that of steam) would usually bring such a 
surface, through a short period of film-wise 
condensation, back to the complete dropwise 
condition for a limited time. This may be due 
to the solvent carrying some promoter from 
parts of the apparatus other than the actual 
condensing surface, and depositing it on the 
surface as it condensed, as well as to spreading 
the promoter, already on the surface, to the 
weakened parts. Fig. 5 illustrates this. 

With a little experience, an observer could 
recognise the inception of the new condition, as 
it was preceded by a change in the size and shape 
of the drops. As the investigations on life began 
to show more consistency, photographic records 
of the surface were made at regular intervals of 
half-an-hour for shorter lives, and at longer 
intervals as the lives increased. The changes 
in appearance of a siainless-steel surface 
coated with oleic acid are shown in Fig. 6. 

One or two tests on the larger apparatus 
designed to give heat-transfer rates showed that 
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Fig. 5 The effect of injecting a solvent of the promoter. 


these were lower when the drops assumed the 
flatter appearance. Moreover, on this larger 
surface the breakdown from the condition of 
flatter drops to obvious film patches occurred in 
a time which was short compared with the 
duration of pure dropwise condensation, and 
corresponded with a definite reduction in the 
heat-transfer rate. 


METAL AND PROMOTER 


Time limited the number of metals and 
promoters examined to those commercially 
available, and for all “life” tests the promoter 
was applied directly to the clean metal surface. 
An excess of promoter was quickly washed away, 
and, with the exception of volatile ones, a 
promoter could be applied more uniformly by 
dissolving it in a suitable solvent (e.g., oleic acid 
in absolute alcohol in the volume ratio 1:10). 
The introduction of a promoter to the condensing 
surface by means of injection into the stream of 
steam was not generally satisfactory as an initial 
treatment to break down a complete film or 
mixed condensation to complete dropwise 
condensation. A single drop of a mercaptan 
injected into the steam inlet tube did, however, 
cause a condition of complete filmwise conden- 
sation to break immediately into a complete 
dropwise condition, and a freshly repolished 
surface which started with filmwise condensation 
changed slowly to complete dropwise when oleic 
acid and machine oil in a solvent were injected 
into the steam. Injection was a satisfactory 
method of extending the life of an already 
completely dropwise surface. It then resulted 
in the deposition of an excess of promoter on 
the surface, and this excess, and any solvent 
which was used, had to be carried away by the 
condensate or air vent before the surface resumed 
its normal appearance and heat-transfer rate. 

There was an easily distinguishable difference 
in the appearance of the drops when an excess 
of promoter was present: they were flatter and 
irregular in shape. The appearance changed 
gradually to one in which the drops appeared to 
be perfectly circular — as viewed from a direction 
normal to the condensing surface-even on 
vertical or inclined surfaces. This corresponded 
with the findings of E. Gnam", who gave photo- 
graphs of his tube surface to a magnification of 
40 times. During by far the greater portion of 
its life a dropwise surface had a uniform appear- 
ance, with—on the smaller apparatus — drops 
growing to a maximum size of the order of 
0-15 in. before rolling down. It was only on 
the higher parts of the longer surface that drops 
could grow to their maximum size. On the lower 
parts the drops were swept down before fully 
grown. The limit of vertical height in which 
they could grow to full size was fixed by the rate 
of heat transfer, i.e., the rate of condensation per 
unit area. The maximum size of drop varied 
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Fig. 6 Changes in appearance of a stainless-steel surface coated with oleic acid. 


a little between different surface treatments and 
different steam pressures (and resulting con- 
densing-surface temperatures), but the variation 
was small; it was significant, however, since 
mercaptans gave maximum-size drops smaller 
and a higher steam-side heat-transfer coefficient 
than oleic acid. The drops on a stainless-steel 
surface used in the larger apparatus seemed to 
be a little larger than for other metals. 


TaBLe I. Comparison between some Combinations of the 
Metal of the Surface and the Drop Promoter. 

Steam: saturated steam at atmospheric pressure, with no 
non-condensable gas present. 

Surface Finish: No. 0 emery paper, except chromium-plated 
surface, which was mirror finish. 
_ Rate of Cooling on the Water Side: medium, 4 ft. per second; 
inlet-water temperature, 45 to 48 deg. F. 











: Life of 
Metal-of Surface | Drop Promoter Surface, Hours 
| 
Brass = ..| Oleic acid 2—2} 
Brass ae --| Oleic acid and a light 24—3 
lubricating oil mixed | 
Brass -| Benzyl mercaptan | 8—10 
Brass -| Benzyl mercaptan and \ 16—24 
oleic acid mixed | 
Copper .. ..| Oleic acid | 2—23 
Stainless steel -| Oleic acid and a light | 24—36 
- lubricating oil mixed 
Chromium-plated | Oleic acid and a light | 40—60 
lubricating oil mixed 











The findings with respect to the life effective- 
ness of the combination of promoters and the 
metals with which they were used did not gen- 
erally differ very much from those of other 
experiments. For example, mercaptans were 
particularly effective with a copper or brass 
surface as compared with oleic acid. On the 
larger apparatus (5 in. by 3 in.) the polished 
copper-mercaptans combination gave a life, 
with a single treatment, of more than seven days, 
with no signs of breakdown of the dropwise 
condensation, other than a reduction in the heat- 
transfer rate. In some cases a mixture of 
Promoters gave an advantage; oleic acid and 
light machine oil came more quickly to the 
recular dropwise appearance and gave at least 
th: same life as oleic acid alone. On a brass 
su face a mixture of benzyl mercaptans and oleic 
a d gave a life twice as long as benzyl mercaptans 
a! ne, and about 6 to 8 times the life given by 
Or1¢ acid alone. Fitzpatrick, Baum and 
McAdams?* used mercaptans successfully on 


copper and Admiralty-metal tubes, but their 
steam contained a fatty acid from the boiler 
feed-pump lubricant. An attempt to introduce 
promoter of the fatty-acid type through a film 
of condensate by using methyl alcohol as solvent 
was unsuccessful. 

The stainless-steel and chromium-plated sur- 
faces retained their brightness throughout the 
life of dropwise condensation, whereas copper 
and brass surfaces, as a rule, showed some 
discolouration after a few hours. Table I gives 
comparative figures showing the efficacy of the 
promoter-metal combination as determined on 
the smaller sized surface. 


PROMOTERS 


Pure mineral hydrocarbon oils will produce 
dropwise condensation only fora very short time. 
The fixed oils, i.e., those containing oleic, lauric 
or palmitic acid, etc., obtained from vegetable 
or animal sources, differ from the pure mineral 
oils in their molecular structure. The fatty 
acids usually have a hydroxyl — OH or carboxyl — 
COOH radical at one end. Some compounds 
which have been synthesised and contain a halo- 
gen — Cl or Br, or an amine, NH, — behave in a 
similar manner. It is possible to replace the 
hydroxyl of the fatty acid by a metal (sodium or 
potassium usually) to form a metallic soap. 
The fixed oils often contain unsaturated mole- 
cules in which the region of the double carbon 
bonds are chemically active and will readily 
pick up oxygen at the higher temperatures. 

This chemical activity can produce acidity 
of the oil, leading to chemical attack of the 
metal surface — this was the cause of some 
considerable trouble in steam turbines where 
water vapour was also present with the oil and 
air —or oxidation may produce gums and var- 
nishes. Both these effects are accelerated by 
the presence of water vapour, though the forma- 
tion of gums or varnishes is improbable, or 


very slow, at temperatures of 212 deg. F. and. 


lower. Nevertheless, the possibility of their 
presence cannot be excluded entirely from con- 
sideration when discussing the life of dropwise 
surfaces. 

The characteristic property of the substances 
used as promoters, i.e., their polar molecules, 
due to the presence of the active radical at one 
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end, will thus have a strong affinity for a metal 
surface. This end will attach itself to the 
metal, while the rest of the long chain molecule 
will tend to orient itself more or less normal to 
the surface. Such molecules are known to 
have a free energy of adhesion depending on the 
type of radical, the length of the chain and to a 
less degree on the metal of the surface. These 
types of molecule in contact with a metal surface 
also tend to adhere in clusters and will coat a 
surface completely with a mono-molecular layer 
of great lateral strength. 

The action of fatty acids in the region of boun- 
dary lubrication has been investigated by 
Bowden and others, and their discussion of the 
relation of fatty acids and oxide films appeared 
in 1939 and 1945 references**.**, It would seem 
that the oxide film formed on metal surfaces 
exposed to air during polishing is porous, and is 
even more so if water vapour is present during 
the oxidation process. Moreover there is a 
change in structure of the layer as it thickens 
(Evans?*), and this may account for some of the 
discrepancies in the observed lives of surfaces 
which appeared to have been treated similarly 
and subjected to similar cooling rates. A 
copper-plated surface which had been in use 
for a long time and which was polished regularly 
with magnesium powder showed a definite 
decrease in the life after each treatment with 
oleic acid. This was attributed to a change in 
the structure of the surface. Greenhill** reports 
that sulphide films are still more porous than 
oxide films and readily allow the penetration of 
fatty acids; it has not been possible to investigate 
systematically the treatment of a sulphide film 
with a fatty acid in condensation experiments, 
but it is well known that mercaptans are very 
effective promoters of dropwise condensation on 
copper and its alloys, and a mixture of mercap- 
tans and oleic acid is a powerful and lasting 
promoter. It is possible that a sulphide film is 
formed with mercaptans as promoter, and this 
retains some of the mercaptans, and possibly air 
or other non-condensable gas for a long time. 
It was noted that the polished copper surface 
quickly became very dark in colour with this 
promoter, but this discoloration was not accom- 
panied by any breakdown to mixed film and 
dropwise condensation as it would with oleic 
acid. On the other hand, after half the surface 
was re-polished and condensation recommenced, 
the polished half only, eventually became 
covered with complete dropwise condensation 
by spreading of promoter from the joint 
with the steam chest at the edge of the surface; 
the unpolished half remained with mixed con- 
densation. 

Bigelow, Zisman and co-workers"? found that 
a fatty acid would readily flow off a metal surface 
with a temperature higher than the melting 
point of the acid, and the film would break down 
and cease to be effective as a lubricating layer.* 
The melting points of the corresponding metallic 
soaps being appreciably higher (above 212 deg. F. 
for the fatty acid usually used) tended to be 
retained on the surface. It is probably the 
metallic soaps which are responsible for the 
longer lives of dropwise surfaces, with molecules 
of fatty acid held in some way within the soap 
molecules. Gnam’s “ schmierseife”?! was prob- 
ably some similar combination of soap and. 
fixed oil; it gave an apparently unlimited life of 
dropwise condensation to a copper tube. An 
attempt to reproduce this result with a sodium 
soap made from oleic acid was unsuccessful. 
A potassium soap is to be tried. 

As referred to before, Emmons’ stated that a 
single monolayer of a fatty acid was sufficient 
to produce dropwise condensation, but he was 
not then concerned with extending the period 
of dropwise condensation. Greenhill’® found 
that several monolayers of a soap were necessary 
for effective lubrication, e.g., copper nicke 


* Bowden gave the bulk transition temperatures 
lauric acid, 44 deg. C.; stearic acid, 69 deg. C.; 
copper laurate, 110 deg. C.; sodium stearate, 2 
deg. C.; lauric acid on copper was effective as a 
lubricant up to 100 deg. C., but on platinum up to 
40 deg. C. only: Lauric acid reacts with copper to 
form copper laurate in a thin adherent film. 
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and silver required three monolayers, and 
platinum nine monolayers. It is significant 
in this respect that the larger copper surface 
used for the determination of the heat-transfer 
rates attained a steady heat-transfer rate with 
dropwise condensation after about one to one 
and a half hours condensing time, and held this 
rate for several hours before showing signs of 
breakdown and a decrease of heat-transfer 
rate. This would indicate that the excess pro- 
moter (oleic acid and machine oil) was washed 
off in the preliminary period leaving a fairly 
stable film of promoter, which suffered a very 
slow loss with time; it may, on the other hand, 
indicate a slow change in the promoter with a 
deterioration of its water-repellant properties, 
as oleic acid is found to give shorter lives if it has 
been exposed to the atmosphere for some time 
before use. Alternatively, the promoter may 
have required an incubation period before it 
became effective.° 

It would appear that the oxide layer, which 
must invariably form on a metal surface in the 
presence of water vapour, is not a necessary 
or very important factor in determining the dura- 
bility of dropwise condensation on that surface 
when treated with promoter. For example, a 
copper surface which was polished with emery 
powder in a bath of oleic acid and lubricating 
oil, in such a way as to exclude the atmosphere 
until condensation commenced on it, nevertheless 
gave a life longer than when polished in air and 
then treated. All technical surfaces, however, 
will be oxidised with layers of varying thickness 
and porosity, and most tests were therefore 
carried out on oxidised surfaces. 


SURFACE FINISH 


It will be noted from Table I that the 
chromium-plated copper, polished to a mirror 
finish and treated with the mixture of oleic acid 
and light lubricating oil, gave a life about twice 
as long as stainless steel with the same promoter. 
The stainless steel had been prepared to a final 
finish with No. 0 emery paper and the shorter 
life was attributed to this. A series of tests 
was accordingly undertaken to determine the 
effect of surface finish on the life with dropwise 
condensation. 

It had been generally accepted that a highly 
polished surface would favour dropwise con- 
densation; some experimenters early in the field 
stated that a highly polished surface would 
ipso facto give dropwise condensation. This 
was shown to be incorrect, and the findings of 
Nagle and Drew were confirmed, i.e., that a 
promoter of some sort was necessary. It may 
have been possible that the Beilby layer resulting 
from the polishing process could occlude some 
gas or greasy substance, and similarly the 
“* commercially clean” tube used by Jeffrey and 
Moynihan" would have a Beilby layer (probably 
holding oil) as a result of the drawing process. 
Two methods of polishing a metal surface were 
therefore adopted: (a) dry “ polishing” with 
emery in the manner used in the preparation of 
metallurgical speicmens; and (5) polishing on 
a rotating wooden head covered with chamois 
leather and sprayed with a thin mixture of rouge 
or alumina in water. Method (a) would produce 
an abraded surface, unlikely to occlude any 
greasy matter, and (5) a Beilby layer*. In 
order to demonstrate the effect of roughness, 
method (a) was terminated on emery papers 
No. 3, No. 0, No. 0000, and the direction of 
resulting scratches was always put vertical during 
the life tests. A brass plate promoted with 
oleic acid and a stainless-steel plate promoted 
with the mixture of oleic acid and light lubricat- 
ing oil were both tested with all four surface 
finishes; the comparative results on the life are 
shown in Tables II and III. 

It would be expected, as surface finish 
approached the polished state, that full play 
.would be given to the effect of the density and 
‘shape of the oxide crystals forming on it. For 
example, a brass surface after polishing would 


* A later test of a copper surface finished by 
electrolytic polishing showed no appreciable differ- 
ence from a mechanically polished one. 
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Fig. 7 Effect of air concentration on life of 
surface. 

(Vertical copper surface; polished 00 emery paper; cleaned 
with : powder; promoted with 1 : 1 : 10 oleic acid : machine 
oil : C Cl, 14 solution. Cooling water temperature 55 deg. F.; 
atmospheric pressure in condenser. Heat load about 300,000 
B.Th.U. per sq. ft. per hr. with air-free steam). 


probably be quickly covered completely with 
zinc-oxide crystals; the other constituents of 
the alloy would be buried beneath these, and 
would have little effect on the adsorption of the 
promoter, or the provision of nuclei of con- 
densation. The abraded surface produced by 
method (a) would be expected to act differently, 
since material is removed from the surface and 
not smeared over it. The life of the rougher 
surface of the stainless steel was something of 
an anomaly. If this is excluded it would 
appear that surface finish— within the range 
covered, which was considered representative of 
the commercial finishes of condensing surfaces — 


TABLE II. Comparison of Surface Finishes and Cooling Rates: 
the Life of a Brass Surface Promoted with Oleic Acid 
(Saturated Steam at Atmospheric Pressure) 





Rate of Cooling on the 
Water Side, Hours 


Surface Finish | 








with | 12—15 
rouge 


- 
| 
| Low | Medium | High 
| (1 ft. per | (4 ft. per | (16 ft. per 
| second) | second) | second) 
| | 
Rough: No. 3 emery paper | 34}—4 | 2243 | #1 
Medium: No.Qemery paper| 3—34 | 2—24 | 1—1I# 
Fine: No. 0000 oon pres | 2—2+ | 1—1} 
Mirror finish, polishe |} 8—10 | 
| | 





TaBLe III. Comparison of Surface Finishes: the Life of a Stainless- 
steel Surface Promoted with a Mixture of Oleic Acid and a 
Light Lubricating Oil (Saturated Steam at Atmospheric 
Pressure; Rate of Cooling on the Water Side: Medium, 
4 ft. per second) 





Life of Surface, 





Surface Finish | hours 

Rough .. .-| No. 3 emery paper | 60—80 

Medium ..| No. 0 emery paper } 24—36 

Fine a ..| No. 0000 emery paper | 24—36 

Mirror finish ..| Polished with rouge | 40—60 
| 








April 15, 1955 ENGINEERING 


made no difference to the life of the surface. with 
the exception of a high polish which gave more 
than double the life of other smooth su: aces, 
This statement differs from that of Nag): and 
Drew’, who, in explanation of the tende: cy of 
rough surfaces to give film condensation sug. 
gested it was due to the mechanical effect of a 
rough path for the liquid film contractin ; into 
drops. 
HEAT-TRANSFER RATE 


A statistical analysis of the number anc sizes 
of the drops of steam on the condensing surface 
indicated that the distribution was independent 
of the heat load, and the effect of increasing the 
cooling rate of the condensing surface was nierely 
to accelerate the growth of the drops. Only a 
few drops attained the size at which adjacent 
drops coalesced or rolled down. The rest were 
swept away before they reached the max:mum 
size. If it were assumed that each drop of 
condensate leaving the condensing surface 
carried with it a trace of promoter, it would be 
expected that the life of the surface would be 
determined principally by the total amount of 
vapour condensed on it after a treatment with 
the promoter. 

A secondary effect would be present, since the 
temperature of the condensing surface would be 
lower for higher heat loads, and this would 
cause a small change in the properties of the 
condensate where it was in contact with the plate, 
and of the promoter. Table 2 also shows the 
effect of increasing the heat load, as represented 
by the increased cooling-water velocity. 

Since in all the experiments for which a 
life is quoted the steam was condensing at a 
pressure slightly higher than atmospheric, and 
the cooling water, taken from the mains, was 
at a temperature in the region 45 to 60 deg. F,, 
the heat transmission rate, even for the lowest 
water velocity, would be considered very high. 
The magnitudes were estimated roughly to be 
from 200,000 B.Th.U. per square foot per hour 
for a water velocity of 1 ft. per sec., to 350,000 
B.Th.U. per square foot per hour for 16 ft. 
per sec. 


PRESSURE AND TEMPERATURE 
OF CONDENSING STEAM 


Some of the earlier tests made to explore 
this field were conducted with steam condensed 
under a vacuum up to 24 in. of mercury, but 
unfortunately, some of the precautions now 
adopted were neglected; it is probable that some 
air diffused into the condensing chamber and it 
is proposed to repeat the tests. There was no 
apparent change in the appearance of a dropwise 
surface under vacuum; maximum drop size 
and shape were unaltered. 


PRESENCE OF A NON-CONDENSABLE 
A 


The most remarkable factor, since it was least 
expected, was the considerable increase of the 


Top Middle Bottom 
Fig. 8 Showing the relative areas covered by falling drops at three positions on a vertical pla‘e. 
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lif. of the surface caused by the addition of a 
small quantity of non-condensable gas to the 
str. am of steam passing to the condenser. Air 
we. used in the first place, and resulted in a life 
at cast three times as long as when no air was 
adved. This increase in life occurred with 
mercaptans and with oleic acid as promoter on 
a brass surface, and with oleic acid and machine 
oil on the chromium-plated surface. The 
amount of gas was of the same order as the 
B.L.A.M.A. air leak for turbines, i.e., 0-1 per 
cent. by weight of air to steam. The life of the 
oleic acid-brass combination when a small 
quantity of air was present corresponded better 
wit the findings of previous workers, and since 
these investigators had used boiler steam for 
some of their tests it is highly probable that some 
non-condensable gas was present in their experi- 
ments. It was found that in the larger apparatus, 
after being shut down over night, a brass surface 
would present a darker colour with black spots 
on it. The mixed type of condensation would 
then occur on the following morning unless the 
surface was re-polished and promoted afresh. 
No discoloration or breakdown occurred on a 
“Staybrite”’ plate and no re-treatment was 
necessary. Extra air caused a more rapid 
discoloration of the brass surface, and this 
being attributed to oxidation, an experiment using 
nitrogen was performed on the smaller apparatus. 
This resulted in the surface life (oleic acid-brass 
combination) being extended to a period greater 
than 7 days, a life similar to that of the polished 
chromium-plated surface when treated with oleic 
acid and machine oil in the presence of air. 
Table IV lists the results of the tests made. 


Taste IV. The Effect of a Non-Condensable Gas 

















Life of Surface 
Sehot Drop Promoter Continuous Practic- 
injection of ally 
non-condensable | gas-free 
gas steam 
Brass ..| Oleic acid 0-1 per | 12—24 2—2+ 
cent. hours hours 
air 
Brass --| Oleic acid and a | O0-I per| 12—24 24—3 
light lubricating cent. hours hours 
oi air 
Brass .-| Benzyl mercaptans | 0-1 per | 24—36 8—10 
cent. hours hours 
| air 
Brass ..| Oleic acid 0-1 per| 7 days 2—24 
cent. hours 
nitro- 
gen 
Chromium- | Oleic acid and a | 0-1 per} 7 days | 40—60 
plated light lubricating cent. hours 
copper oil mixed : | air 
| 











The introduction of a non-condensable gas 
does not affect pure film condensation, but the 
injection of air intermittently into the larger 
apparatus, when an oleic-acid-promoted brass 
surface was after some time giving mixed 
condensation with a pressure 6 in. of water higher 
than atmospheric, resulted in the temporary 
change to a completely dropwise condition for 
about 15 minutes after each injection, thus 
confirming the findings of Emmons* and of 
Drew, Nagle and Smith®. The reduction of the 
steam-chest pressure to 14 in. of water above 
atmospheric had a similar effect, and the drop- 
wise condition would last all day if this gauge 
pressure were kept low. This prolonged drop- 
wise condition was probably due to the local 
Pressure near the condensing surface being 
slightly less than atmospheric and inducing 
air on to the surtace. 

The results of a systematic investigation of the 
effects of air concentration are shown in Fig. 7. 


LENGTH AND SHAPE OF THE 
CONDENSING SURFACE 


Tests have been made so far only on flat 
Surfaces. The larger surface could be inclined 
tc any required angle, but the smaller surface 
Was restricted to the vertical position and could 
© ly represent conditions near the top of a ver- 
tal surface. The length of the condensing 
S rface affects the conditions at the lower parts. 
F ven with so short a length as 5 in., the large 
Cops resulting from the coalescence of falling 


drops with others in their paths, obscure a 
greater area of surface than they expose. The 
incidence of this effect is particularly noticeable 
at high heat loads and part of the reduction of the 
steam-side coefficient with increase in heat load 
is attributable to it. For example, the percentage 
area covered by falling drops with a heat load 
of 413,000 B.Th.U. per square foot per hour was 
7:24 per cent. at the top (0-7 in. from the top 
edge), 8-2 per cent. at the middle (2-5 in. from the 
top edge), and 11-4 per cent. at the bottom 
(4-0 in. from the top edge), and the percentage 
area covered by falling drops at the bottom 
position for heat loads of 60,000, 14,000, and 
330,000 was 3-5, 5-0 and 11-2 per cent., respec- 
tively. Fig. 8 shows the appearance at the 
three positions. 

The largest heat load attained was 630,000 
B.Th.U. per square foot per hour, and it was 
observed that even with this extraordinarily high 
rate there was no sign of a continuous film 
forming over the lower surface of the 5 in. long 
vertical copper plate used. 


SUMMARY 


It has been confirmed that all metal surfaces 
need some promoting agent to produce dropwise 
condensation. 

Filmwise condensation over a surface is a 
test of its cleanliness. 

A mirror polish gives an appreciably longer 
duration of purely dropwise condensation than 
other finishes. Mechanical polishing and electro- 
lytic polishing give similar results. 

Mixed promoters give longer duration than 
a single substance of the mixture. 

The presence of a non-condensable gas 
increases the lives of dropwise surfaces, more 
than would be expected from the known reduc- 
tion in the rate of condensation which results 
from the presence of the gas. 

The cleanliness of the metal surface before 
adding the promoter affects the duration appre- 
ciably. Alternatively, a surface on which water 
can be readily displaced by the promoters is 
desirable. 

The life of purely dropwise condensation is 
reduced as the rate of condensation is increased. 

Different promoters have differing effectiveness 
on the various metals used for condensing 
apparatus. 

(As a result of the foregoing investigations, 
promoters have been synthesised which, while 
forming the required monomolecular layer, have 
given under laboratory conditions the desired 
form of dropwise condensation for continuous 
durations of more than 1,000 hours. The 
surfaces were still apparently unchanged when 
the tests were discontinued.) 
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FREE-STANDING CONVECTOR 
FIRES 


Saving Coal in the Home 


A free-standing convector fire is half way between 
the conventional household fire and a totally- 
enclosed stove. It is made to stand just forward 
of the normal grate, and thus gives up more 
heat to the room than a normal fire, but does not 
look unsightly. The Domestic Appliancies 
Laboratory of the British Coal Utilisation Re- 
search Association have recently undertaken field 
tests to compare the performance of free-standing 
open fires with restricted throats with ordinary 
open fires, under conditions of normal domestic 
operation. The investigation was described in 
a paper in the Journal of the Institute of Fuel 
for March, 1955. The results were obtained 
from a group of 39 households, all having living 
rooms in the same medium-size range. Twenty- 
seven of these used their own open fires during 
the first period of the test and were equipped 
with one of the two free-standing convector fires 
during the second period. The remainder used 
open fires only, and acted as a control group. 

In addition to the measurements to obtain 
records of fuel consumption and inside air 
temperatures in the 39 households, more detailed 
explorations of temperature were undertaken in 
eight living rooms of the houses while they were 
in use by the families, to compare the distribu- 
tion and quality of warmth during the evening 
period. These measurements were extended in 
the case of one unoccupied but furnished living 
room to tests lasting 10 hours, in which the 
appliances were compared during days of equal 
outside temperature. 

The results indicated that the free-standing 
convector fires gave a fuel saving of about 21 per 
cent., although they were operated for longer 
periods and were used to maintain higher levels 
of comfort. The measurements of warmth con- 
firmed these results, and from both the evening 
and the 10-hour tests it is possible to infer that 
the free-standing fires are of the order of 60 per 
cent. better than the open fire on the basis of 
area of warmth per unit burning rate. 
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NICKEL IN 1954 


During 1954 the International Nickel Company 
of Canada, Limited, delivered 282 million lb. of 
nickel and 253 million lb. of copper. These 
represent an increase on the previous year of 
11 and 8 per cent, respectively. According to 
the company’s annual report published recently, 
the deliveries of nickel and the ore mined are a 
record. Another feature of the year was the 
first commercial production of electrolytic 
cobalt in Canada which was started at Port 
Colborne refinery. It remains to be seen how 
profitable this side of the company’s activities 
can become for the supply of cobalt from East 
Africa may soon exceed the demand. 

For some years reports from the company 
have indicated that it was probable that improved 
supplies of nickel would be available to civilian 
industry in 1955. The latest guarded statement 
on ‘the outlook in this direction which accom- 
panies the report suggests that the position is 
becoming easier. Whereas at the end of 1954 
the chairman of the company would say no 
more than that more nickel would be available 
to free-world industry for civilian applications in 
1955 than in 1954, he now says: “ Looking 
ahead, the industry will, before long, enter a 
period when ample supplies of nickel will be 
available to meet all civilian as well as defence 
requirements.” 
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THE CALORIMETER BUILDING FOR 
HEATING RESEARCH’ 


THERMAL CHARACTERISTICS OF THE PLANT AND 
RESULTS WITH DOMESTIC APPLIANCES 


The first part of the paper deals with the system of 
calorimetry adopted and the experiments made to 
determine the degree of accuracy obtainable. 
Part 2 contains an account of tests on various 
solid fuel appliances, including open grates and 
openable and closed stoves. A full description of 
the building itself was given in ENGINEERING, 
vol. 166, page 79 (1948). Briefly it consists of 
four insulated cabinets in which the tests are 
carried out, together with the necessary equipment 
for measuring air flows, heat losses and smoke 
emission. The illustration below is of an 
“‘ opened-up”’ model of the building and is 
published by permission of H.M. Stationery Office. 


The Calorimeter building was officially opened 
in June, 1948, and has been developed and 
equipped since then in the light of experience. 
Most of the measurements connected with the 
use of the cabinet are recorded automatically, 
the instruments being in the control room on the 
first floor, The calibration factor of a cabinet 
is determined by operating an electric fire inside 
it, with the air inlets and outlets sealed. The 
first experiments were intended to ascertain that 
the same sensitivity figure would be obtained by 
using only the steady-state conditions or a 
complete cold-to-cold test, and this was found 
to be the case. A series of orientation tests 
showed that there were no marked directional 
effects in the cabinet, but subsequent experience 
has shown that long-term variations of sensitivity 
can occur. The response to radiative and 
convective heat sources was also investigated. 
The practical application of the data from these 
tests was a decision to re-calibrate each cabinet 
at intervals. 

A feature shown by the electric fire tests was 
the long period required to attain thermal 
stability: at least 10 hours is needed. Painting 
the inner surfaces to a matt finish did not 
significantly affect the warming-up period, but 
an appreciably lower air temperature inside the 
cabinet resulted. Before painting, the air tem- 
perature difference between the interior of the 
cabinet and the surrounding chamber was 
10 deg. F. per kW of input; this was reduced to 
6 deg. F. after painting. Painting the exterior 

*“The Calorimeter Building for Research on 
Domestic Heating at the Fuel Research Station’’. 
Paper by J. W. McHugo, B.Sc., W. F. B. Shaw, B.A. 
and D. Whittaker, B.Sc., all of the Fuel Research 
Station. Extracts. 





had little effect and was done for protective 
purposes only. The long warming-up and cool- 
ing-down periods preclude obtaining a true 
instantaneous value of a fluctuating heat source, 
but a true overall cold-to-cold figure, or a mean 
value for a_ regularly fluctuating source 
obtained. 


ACCURACY OF HEAT BALANCES 


The ultimate criterion of cabinet performance 
is its ability to produce a heat balance. A gas 
fire was chosen for the series of tests as this 
employed all the cabinet facilities. Two fires 
were used at different stages, both of the highly- 
radiant type operating at 40 to 50 per cent. 
efficiency with an output of 6,000 to 7,000 B.Th.U. 
per hour. In the final series of eight tests, all the 
heat-balance totals were within the range 99 to 
101 per cent. An attempt was also made to 
complete a “ space-heating balance,” and the 
sum of the components averaged about 2 per 
cent. less than the overall cabinet measurement. 
As the measurements of absorbed radiation and 
convection were approximate and as conduction 
from the gas-fire to its mounting could not be 
assessed, this was regarded as satisfactory. 

Solid fuel appliances of the type most used 
differ from electric and gas appliances in that 
their output fluctuates. This is reflected in 
the thermocouple record, but it is possible to 
choose a “ test period” which begins and ends 
at the same level and at the same stage of the 
refuelling cycle. It was found that the “ regular- 
repetition stability ” is reached sooner than the 
true stability of the electric fire test. The 
warming-up time varies between three and six 
hours. 


PROCEDURE AND CALCULATIONS 


The general procedure at present is that 
entirely free-standing appliances such as stoves 
are installed in the central-flue cabinets, with a 
lagged flue pipe connection, while appliances 
the performance of which is likely to be affected 
by the setting, such as open fires, are installed in 
the side flue cabinets with brick settings. 
Generally, the plant is closed down over the 
week-end, serviced on Monday morning and 
started up on Monday afternoon, so that stable 
conditions have been obtained by Tuesday 
morning. Results from the central flue cabinets 
can be obtained on Tuesdays, but no reliable 
figures for the side flue ones until Wednesday. 


Fig. 1 The sectioned 
model shows two of the 
four calorimeter cabi- 
nets (one opened up) 
and between them the 
control room. On the 
top floor is the smoke 
density measuring appa- 


ratus. > 
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Fig. 2 Smoke emission from fuels with varying 
volatile matter content. 


The total heat H released in a cabinet during 
a test period is obtained from the expression— 


te ts 
hh th 

where K = cabinet calibration factor (B.Th.U. 
per hr. per mV), m = output from wall thermo- 
couples (mV), S,= volume specific heat of air at 
cabinet temperature (B.Th.U. per deg. F. per 
standard cub. ft.), F = flow rate of air (standard 
cub, ft. per hr.), T, = temperature of air entering 
cabinet (deg. F.), T, = temperature of air enter- 
ing appliance (deg. F.), t; = time of commence- 
ment of test period (hr.), t, = time of conclusion 
of test period (hr.). 

From this must be subtracted the heat outputs 
of sources other than the appliance, such as 
lighting and human operators. Suitable correc- 
tions are made for heat radiation from the flue- 
pipe, or from water pipes when boilers are being 
tested. The heat balance figures are completed 
by measuring the ashpit loss and the latent and 
potential flue-gas losses 


SOME EXPERIMENTAL RESULTS 


A 16-in. open fire, A, of conventional design, 
without boiler or convection selected from 
category 2 (b) of the Coal Utilisation Council's 
list of recommended appliances, was installed in 
the fireplace. Coke-burning open grates of this 
type are known by the generic title of ‘‘ improved 
grates.” The results obtained are summarised 
in Table I. The restrictor reduced the throat area 
to 6 square inches. A model of the pre-war type 
of stool-bottom grate, B, with front-fret, was also 
tested, with coal and at the full rate only as 
this type does not burn coke. Comparison 
shows it has a somewhat higher overall efficiency 
at the respective full rates of burning. Similar 


TaBLe I.—Efficiency Measurements with Inset Open Fires 





| throat | Rate of | Air-flow| Useful 
Graie | restric- Fuel | burning, | rate, effi- 
| tor | | Ib. per | cub. ft. | ciency, 
| hr. | perhr. | percent. 











Improved No Coal 4:0 13,500 25 

~ — No | Coal | 2-3 | 10,700 30 

| No Coke | 2:5 12,500 35 

| No | Coke 1-35 | 10,400 36 

| Yes Coal | 3-8 4,600 30 

Yes | Coal | 2-15 3,300 34 

Yes | Coke | 2-4 4400 | 39 

Stool-bottom {| No | Coal | 3-2 11,000 | 27 
Type “B” Yes Coal 3-2 i 


} 








TABLE II.—Useful Efficiency Measurements with Free-standing 








Open Fires 
Throat | Rate of | Air-flow | Useful 
Appliance restric- Fuel | burning,, rate, | effi- 
tor | Ib. per | cub. ft. | ciency, 


hr. | per hr. | percent. 














Cc Closed Coal 2-2 2,900 | 32 

| Open Coal 2-4 5,700 | 27 

D Closed | Coal | 3-0 2,650 33 

Closed | Coke | 1-6 2,300 | 44 

E | Closed Coal 1-95 3,800 30 

Closed Coke 1-2 3,700 4) 

F Closed Coal 2-7 3,700 32 
| Closed Coke 1-8 


3,600 4 
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tests were carried out by free-standing open 
fires conforming with the recommendations of 
the ridley Committee, and are recorded in 
ab. IL. 
" Ti : results of these tests show that the inset 
oper fire has a substantially higher efficiency 
than had been thought, and, on the other hand, 
the | ce-standing fire when burning coal had an 
effici:ncy considerably lower than the 40 per 
cent. ascribed to it in the Ridley Report. Secondly 
the tests showed that the open fire when installed 
in 2 room has no single value of efficiency 
which can be regarded as truly characteristic of 
its performance. There would appear to be 
little prospect that a room-heating efficiency 
could be used as the basis of minimum standards 
of performance for this category of appliance, 
as was recommended by the Ridley Committee. 


SMOKE EMISSION 


The principle used to determine the quantity 
of smoke emitted is to measure the optical 
density and the volume flow rate of flue gases, 
and to take the product of these quantities as 
being proportional to the mass flow rate of the 
suspended matter. The optical density is mea- 
sured by a null-type double-beam method in 


which a reference beam is passed around the 
outside of the chimney, and is received on the 
same photo-cell as the transmitted beam. 

Nine coals were obtained, covering the range 
of British coals from anthracite to high-volatile 
bituminous, and tests were also carried out on 
one low-temperature coke. For each fuel about 
twelve separate measurements were made and 
the results are shown in Fig. 2. Anthracite is 
1 on the graph, coke is 3, and 8, 9, 10 are high- 
volatile coals. There was a wide variation 
from test to test but in all cases the arithmetic 
mean of the separate determinations is very close 
to the centre of the line. Tests on the influence 
of rate of burning showed little variation in smoke 
emission per pound of fuel burnt, over a wide 
range of conditions. However, restriction of the 
chimney throat, with consequent reduction in the 
rate of air flow showed a very large reduction, 
apparently due to a definite improvement in 
combustion. 

Experiments similar to those on open fires 
were carried out on stoves, both closed and 
openable, and on small domestic hot-water 
boilers. Wide variations in efficiency were 
found but the small boiler had quite a high 
overall efficiency. 


The Institute of Metals Spring Meeting (continued from page 426) 


REFRACTORIES FOR INDUCTION 
FURNACES AND 
THE FATIGUE OF METALS 


On Wednesday afternoon, March 30, on the 
second day of the Spring Meeting of the Institute 
of Metals in London, two simultaneous sessions 
“A” and “B,” were held. The proceedings 
of programme “ A ” consisted of the presentation 
of two papers, both dealing with “‘ Refractories 
for Low-Frequency Induction Furnaces.” The 
chairman was Mr. Christopher Smith and the 
papers were introduced by a rapporteur, Mr. J. C. 
Howard. 

The first paper was entitled ‘“‘ The Choice and 
Construction of Monolithic Linings for Twin- 
Bath Induction Furnaces for Melting Alu- 
minium Alloys.” It was by Mr. E. J. Thackwell 
of the Northern Aluminium Company, Limited, 
Rogerstone, Monmouthshire, who stated that a 
large 450-kW horizontal-channel low-frequency 
induction furnace used for melting aluminium 
presented a most exacting problem owing to its 
intricacy of shape and other features. Several 
techniques and various types of lining had been 
tried but a densely-rammed, fully-monolithic 
lining formed and fired in situ, had finally been 
chosen. The “ heavy-stitch ”’ ramming method 
had been adopted using a compacting hammer 
delivering 750 blows per minute, at 80 to 90 lb. 
per square inch mains pressure, and compacting 
tools designed to cause the minimum disturbance 
to adjacent material. Refractory was added in 
layers 1 in. in depth and the effect of the tools 
was to “‘ V-stitch ” or knit successive thin layers 
together into a dense homogeneous mass. A 
lining of this type had been in service for 
32 months; it was extremely hard and had 
proved capable of withstanding considerable 
mechanical shock and wear. 

The title of the second paper was “* The Use 
of Refractories in Low-Frequency Induction 
Furnaces for Melting Copper Alloys.” It was 
by Dr. Maurice Cook, Mr. C. L. M. Cowley and 
Mr. E. R. Broadfield, of Imperial Chemical 
Industries, Limited, Metals Division, Birming- 
ham. These authors stated that the attention 
wich had been given to suitable refractory 
miterials and the improvements in techniques 
0! lining construction and furnace operation 
tl at had been achieved, had contributed most 
importantly to the extended use over the last 
3° years of the low-frequency induction furnace 
fir melting copper and copper alloys. Of the 
nany methods of lining construction investi- 


gated, that best suited to the regular production 
of uniformly high-quality linings was by ram- 
ming the refractory into a monolithic block 
about formers of appropriate shape and size. 
The success of the method, however, was largely 
dependent on the skill and experience of the 
operatives and among further possible improve- 
ments were alternative, less exacting, methods of 
lining construction and the development of 
refractory materials for relatively high-melting- 
point alloys, such as the cupro-nickels and the 
nickel silvers. These alloys contained con- 
stituents which reacted rapidly with the types of 
refractories commonly used in these furnaces. 


FATIGUE IN ALUMINIUM AND 
COPPER ALLOYS 


The proceedings of programme “ B,” held 
simultaneously with programme ‘‘A” on Wednes- 
day afternoon, March 30, comprised the presen- 
tation of five papers all dealing with “‘ Fatigue.” 
Dr. N. P. Inglis occupied the chair and the 
papers were introduced by a rapporteur, Major 
P. C. Varley, M.B.E., T.D. 

The first paper, “‘ Some Further Observations 
on the Fatigue Process in Pure Aluminium,” 
was by Mr. P. J. E. Forsyth, of the Metallurgy 
Department, Royal Aircraft Establishment, Farn- 
borough, Hampshire. He stated that he had 
studied the fatigue process in pure aluminium 
with special reference to the mechanism of slip 
under cyclic stresses. The similarities and 
differences of deformation, produced by cyclic 
and static stressing, had been investigated both 
microscopically, and by the multiple-beam inter- 
ference technique. The effect of cyclic stressing 
at higher frequencies had also been studied. 
Specimens of electro-polished super-pure (99-99 
per cent.) aluminium had been “ fatigued” at a 
frequency of 20,000 cycles per minute. It was 
concluded that cyclic stressing might produce a 
considerable rise in temperature in the region 
of slip bands, which became more localised at 
higher frequencies. 

The second paper, on “‘ Fatigue Phenomena 
in High-Strength Aluminium Alloys,” was by 
Dr. R. F. Hanstock, chief physicist, High Duty 
Alloys Limited, Slough, Buckinghamshire. He 
stated that the increase in damping capacity that 
preceded fatigue failure of the aluminium alloys 
L65 (Hiduminium 66) and D.T.D. 683 (Hidu- 
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minium RR77) was associated with precipitate 
instability. In the alloy D.T.D.683, localised 
bands of precipitation had been found, and these 
were regions where fatigue cracks eventually 
formed. The localised effects of cyclic stressing 
did not seriously impair the static strength, 
but the fatigue strength depended on the magni- 
tude of the stress required to initiate precipita- 
tion and on the strength of the over-precipitated 
tegions. An alloy deriving its high static 
strength from a controlled state of precipitation 
that was unstable under cyclic stressing would 
have a high ratio of static ultimate strength to 
fatigue strength. 

“The Creep and Fatigue Properties of Some 
Wrought Complex Aluminium Bronzes” was 
the title of the third paper on the theme of 
“* Fatigue.” It was a communication from the 
British Non-Ferrous Metals Research Associa- 
tion, by Dr. J. McKeown, Mr. D. N. Mends, 
Mr. E. S. Bale, and Mr. A. D. Michael. These 
authors stated that creep tests at 300 deg. and 
400 deg. C., on complex aluminium bronzes 
containing 5 per cent. each of iron and nickel, 
with aluminium contents from 0 to 11-6 per cent., 
indicated that alloys having from 3 to 7 per cent. 
of aluminium had the best creep properties. 
These were relatively difficult to forge, however, 
and the best combination of creep properties, 
with ease of forging, were given by alloys in the 
range 9 to 9-75 per cent. aluminium. Fatigue 
tests at room temperature in air revealed no 
major differences between alloys with aluminium 
contents in the range 9 to 10-5 per cent. alu- 
minium. Corrosion-fatigue tests had shown 
that the aluminium bronzes were more resistant 
to corrosion fatigue, in salt solution, than a 
stainless steel and stainless iron tested for 
comparison purposes. 

The title of the fourth paper was ‘“‘ The Influ- 
ence of Sub-Structure on the Slip Observed in 
Pure Aluminium and Some Aluminium Alloys 
when subjected to Fatigue Stresses.” It was 
by Mr. P. J. E. Forsyth and Mr. C, A. Stubbing- 
ton, of the Royal Aircraft Establishment, 
Farnborough, Hampshire. These authors stated 
that they had made observations on the modifying 
effects of sub-structure on subsequent fatigue 
deformation at both room and sub-zero tempera- 
tures. Sub-structures produced by cold-rolling 
altered completely the appearance of the deforma- 
tion produced by subsequent fatigue stresses. 
A self-annealing process occurred in cold-rolled 
pure aluminium when subjected to cyclic stresses. 
It had been concluded that fatigue stresses, by 
virtue of their cyclic nature, aided the poly- 
gonisation process in pure aluminium and in 
certain aluminium alloys and might produce 
very sharply defined boundaries by a process of 
crystallite growth. 

The fifth, and last, paper on the theme of 
fatigue was by Dr. J. W. Martin and Mr. G. C. 
Smith, of the Metallurgy Department, University 
of Cambridge, and dealt with “‘ The Effect of 
Internal Oxidation on the Fatigue Properties of 
Copper Alloys.” The authors stated that they 
had prepared polycrystalline and single-crystal 
specimens of copper containing dispersed non- 
metallic phases obtained by an internal-oxidation 
technique. The fatigue properties of these 
specimens had been compared with those of 
unoxidised material, using a constant-strain 
Chevenard microtorsion machine. The machine, 
described in the Revue de Métallurgie, vol. 39, 
page 65 (1942), recorded photographically 
couple-twist diagrams, and this was done at 
various stages during every fatigue test. The 
diagrams were subsequently analysed to yield 
information concerning the changes occurring 
during a test. 

A reduced fatigue life, with intergranular 
fracture, characterised the polycrystalline intern- 
ally-oxidised specimens. _Internally-oxidised 
single crystals had longer fatigue lives than 
annealed single crystals, the life depending on 
the fineness of the dispersion; the finer the 
dispersion of oxide particles, the longer the 
fatigue life at any given strain. The particles 
had been extracted and their size range estimated 
by electron-microscopic examination. 

To be continued 
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SUPERCHARGING A DOXFORD 
ENGINE 


OUTPUT INCREASED BY 30 OR 50 PER CENT. 


Supercharging of the two-cycle opposed-piston 
marine engine made by William Doxford and 
Sons, Limited, Pallion, Sunderland, was described 
by Mr. P. Jackson, M.Sc. (Eng.), in a paper read 
to the Institution of Engineers and Shipbuilders in 
Scotland on March 22. Extracts from the paper 
are given below. 


After preliminary tests, William Doxford and 
Sons decided to build a three-cylinder, two-stroke 
opposed-piston marine engine of 600 mm. bore 
by 2,000 mm. stroke, to run at 125 r.p.m., and 
to supercharge this to 30 or 50 per cent. increase 
in power over the normal engine. Investigation 
into the operation of the turbo-blower for super- 
charging showed that 15 per cent. more energy 
was available if the impulse energy in the exhaust 
gases was used instead of passing the gases to a 
large receiver and using them at constant pres- 
sure. It was also found that pressure waves in 
the exhaust system, particularly in the long pipes 
from No. 3 cylinder, interfered with the successful 
scavenging and charging of No. | cylinder if all 
the pipes were connected together into a single- 
inlet turbine. It was therefore decided that the 
turbine should have two inlets, one taking the 
exhaust from No. | cylinder and the other from 
Nos. 2 and 3 cylinders. In this way the exhausts 
of Nos. 1 and 3 cylinders, which were farthest 
apart, were kept separate so that there would be 
no interference due to pressure waves. The 
turbine nozzle ring was divided into-two almost 
equal sections, since the volumes of gas from 
Nos. 2 and 3 cylinders do not combine but 
follow through the turbine successively. 


ENGINE TIMING 


From the initial tests and calculations, it was 
considered that some 26 deg. of crank angle 
would be required to ensure that the products of 
combustion were expelled from the cylinder 
before the air ports opened when the engine 
was supercharged to give 30 per cent. increase 
in power; however for conditions of 50 per cent. 
increase it was considered that almost 30 deg. of 
crank angle would be necessary. On the other 
side of bottom dead centre it was desirable that 
the exhaust ports should not remain open after 
the closure of the air ports, so that the super- 
charged air would be retaned in the cylinder. 
Again, the engine had to operate in the astern 
direction as well, or almost as well as when going 
ahead, and it was not possible to advance the 
cranks so that a 30-deg. lead and no lag of the 
exhaust ports could be obtained in the ahead 
direction, while in the astern direction there 
would be a sufficient lead to expel the products 
of combustion before the air ports opened. 

After consideration, it was decided to use a 
double row of scavenging ports with the upper 
row controllec by automatic valves, the exhaust 
cranks being given an initial lead of 4 deg. 
Under these conditions, the upper row of ports 
would be kept closed by the automatic valves 
until the pressure in the cylinder had fallen below 
the scavenging air pressure, and the lead of 
opening of the exhaust ports prior to the opening 
of the lower air ports was 29 deg. of crank angle, 
whereas on the closing of the ports, the upper 
row of supercharging air ports remain open for 
as long as the exhaust ports, and the supercharge 
is thus retained in the cylinder. A three-cylinder 
engine has to start in any crank position, and with 
the total opening of the exhaust ports of 106 deg. 
of crank angle, as shown in Fig. 1, there 
appeared to be sufficient margin on the three- 
cylinder engine for the cylinders to operate on 
starting air in turn from any position. From the 
information supplied by the initial tests and the 
above considerations, Brown, Boveri and Com- 
pany, Limited, Baden, Switzerland, who made 
the turbo-blower, were able to calculate the 


quantity of gas and the mass flow to determine 
their turbine nozzles and blading, and the engine 
was built incorporating these features. Within 
one month of completion it was giving an in- 
creased power of 50 per cent., with a clean 
exhaust, and low fuel consumptions. Perform- 
ance curves are shown in Fig. 2. 


TURBO-BLOWER AND RECIPROCATING 
BLOWER IN SERIES 


The engine had been built with a lever-driven 
reciprocating scavenging pump and the air from 
the turbo-charger was delivered through an 
intercooler and air receiver into this scavenging 
pump. The air receiver was fitted to minimize 
the effect on the rotary blower of the irregularity 
of the demands for air of the reciprocating pump. 
The inter-cooler was to reduce the temperature 
of the air from the high-ratio turbo-blower, 
thereby increasing its density and the weight 
passing into the engine. It was decided to carry 
out tests with three arrangements, namely :— 


With the turbo-blower in parallel with the 
reciprocating blower. 

With the two blowers in series. 

With the turbo-blower alone supplying the air. 


These preliminary tests indicated that the best 
arrangement was with the turbo-blower and 
engine-driven reciprocating blower in series; 
with this system the reciprocating blower could 
also be arranged to operate and supply the engine 
with air should the turbo-blower be out of action 
for any reason. With the two blowers in 
parallel it was found that there was a consider- 
able interaction between the irregular demands 
for air of the reciprocating blower and the 
uniform supply of the rotary blower, and there 
was a pronounced back flow of air from the air 
trunking of the engine to the rotary blower at 
every stroke of the scavenging pump. When 
the turbo-blower alone was used to supply the 
scavenging air to the engine there was insufficient 
energy from the exhaust impulses and the air 
supply to the engine was deficient, causing a 
smoky exhaust up to about half load of the 
engine. The exhaust temperatures were also 
higher than when the two blowers were used in 
series. If the turbo-blower were used alone there 
would have to be some auxiliary supply of air to 
increase the air delivery at low loads and when 
manceuvring, and there would be no standby 
in the event of failure. It was therefore decided 
to adopt the series arrangement. 

The turbo-blower was very sensitive to the 
back pressure on the exhaust system, the 
efficiency of the turbine falling off considerably 
with increase in back pressure, to the detriment 
of the air supply to the engine and to the power 
that could be developed. It was essential that 
the exhaust from the turbine should be available 
for passing through a waste-heat boiler for raising 
steam, and exhaust boilers often have back 
pressures of 14 in. or more of water. With the 
engine-driven reciprocating blower operating 
behind the turbo-blower and taking its air from 
the intercooler, the system is by no means so 
sensitive to the resistance and back pressure 
of the exhaust piping and exhaust boiler. With- 
out any reciprocating blower, turbine makers 
desire the back pressure resistance of the exhaust 
system of the turbine to be no more than 8 in. 
of water and preferably down to 4 in. These 
considerations require very large diameter 
exhaust pipes. Such conditions are benefited 
by the reciprocating blower operating in series 
with the turbine, and the exhaust system can be 
reduced in size and an exhaust boiler employed 
with a back pressure up to 18 in. of water. It 
will be seen from the performance data given in 
Fig. 2 that a fuel consumption of 0-33 lb. per 
brake horse-power per hour was obtained at 
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Fig. 1 Port timing diagram of the engine. The 

exhaust ports are open for 106 deg., sufficient 

margin for the cylinders to operate on starting 
air from any position of the cranks. 


three-quarter load, corresponding to a mean 
indicated pressure of 105 lb. per square inch, and 
at full load—125 lb. per square inch at 125 r.p.m. 
—the consumption was little over 0-34 Ib. per 
brake horse-power per hour. The temperature 
of the exhaust gases after the turbine at full 
load was 760 deg. F. and at three-quarter load 
660 deg. F., which compare very favourably 
with the corresponding temperatures from a 
normally-aspirated engine, so that there is just as 
much heat available for raising steam from the 
exhaust gases as from the normally-aspirated 
engine of corresponding power. The blower 
delivery pressure line crosses the exhaust back- 
pressure line on Nos. 2 and 3 cylinders at approxi- 
mately one-third load and on No. 1 cylinder at 
below one-quarter load, showing quite a high 
efficiency of the turbo-blower. The air delivery 
from the blower rose to 5 lb. per square inch, at 
which its temperature approached 130 deg. F., 
and this was reduced by the intercooler down to 
70 deg. F. 


AUTOMATIC VALVES DISCARDED 


After the preliminary running and investiga- 
tions to obtain the best conditions, the turbo- 
charged engine was run at full load for one 
month, operating on boiler fuel. Towards the 
conclusion of this run temperatures began to 
increase and examination showed that a number 
of the automatic valves on the upper air ports 
together with their seats were burnt and broken. 
New sets of valves were obtained in better 
material and stronger seats were made, but quite 
a number of these again broke during a further 
month’s run. In spite of repeated attempts, 
these automatic valves would not withstand 
prolonged running and ultimately it was decided 
to eliminate them. This decision was influenced 
by the fact that these valves, apart from being 
burnt and broken, were always in a dirty condi- 
tion and the engine operators regarded it as a 
dirty, messy job to take them out for inspection. 
Automatic valves have been used on some 
engines for many years, but an examination 
of the conditions shows that they have to remain 
closed against a cylinder pressure of approxi- 
mately 35 lb. per square inch on unsupercharged 
engines and at a temperature of about 650 deg. F. 
On the supercharged engine, however, the 
pressure at the point where the upper ports are 
uncovered by the piston is as high as 65 |b. per 
square inch, with a temperature approaching 
900 deg. F., so that the conditions under which 
the automatic valves have to work are much 
more onerous than those in a lower rated norm- 
ally-aspirated engine. 

This decision to eliminate the non-return va'ves 
controlling the upper ports entailed reconsidvra- 
tion of the exhaust ports and of the side crank 
angle advance of the supercharged engine. 
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Fig. 2. Performance curves of the supercharged 

engine. Full load is at 125 lb. per square inch; 

fuel consumption between half and full load varies 

from 0-33 to 0-34 Ib. per brake horse-power per 
hour. 
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Latterly, it has been considered that the exhaust 
ports must open at least 28 deg. of crank angle 
before the air ports, corresponding to the timing 
diagram and port opening diagram shown in 
Fig. 3, and with an 8 deg. lead on the crankshaft 
the exhaust ports remain open after the air ports 
have closed for 12 deg. of crank angle. During 
this period there is a loss of air from the engine 
cylinder approaching 7 per cent. of the air in the 
cylinder when the air ports are closed. Again, 
when running astern the exhaust ports are only 
opened for 12 deg. before the air ports open, 
so that it is not desirable to run astern for pro- 
longed periods at very high loads. The astern 
power for prolonged periods must be limited to 
five-eighths load, though this should not cause 
any inconvenience in operation, as high power 
astern is rarely required for more than a few 
minutes at a time. Under these conditions of 
operation, the performance from the engine has 
not quite reached the high level of efficiency 
obtained when automatic valves were used to 
control the supercharge ports, but it has, neverthe- 
less, been quite good, and development work in 
this direction is proceeding with an even greater 
lead than 8 deg. on the exhaust cranks and other 
means employed to control the ports to give high 
power when running astern. 


HIGH ENGINE PRESSURES 


The compression ratio of the supercharged 
engine has to be such that the engine will fire 
under all conditions of starting, though on the 
Doxford engine the jackets are heated by the 





circulation of water at a temperature of about 
140 deg. F. When starting, the turbo-blower 
does not deliver any air, so that the compression 
pressure at low speeds does not exceed 20 atmos- 
pheres. At full speed but with no load on the 
engine, the quantity of air delivered by the 
blower increases, resulting in more air being 
trapped in the cylinder at the commencement 
of compression and the resulting compression 
pressure will mount to 25 atmospheres; at 30 per 
cent. increase in power it will reach 32 atmos- 
pheres, and at 50 per cent. increase it will 
approach 38 atmospheres. On the first Doxford 
supercharged engine the compression ratio was 
reduced from 11-:5:1 to 10°5:1, but the 
compression pressure with 50 per cent. super- 
charging reached 36 atmospheres. These circum- 
stances did not affect the running of the engine 
and it was still possible to run and operate at 
quite low engine speeds. 

The increase in compression pressure leads 
to an increase in maximum pressure. It is not 
possible with modern direct-injection engines 
to obtain good economy with constant-pressure 
combustion, and all engines with good fuel 
consumptions operate on the dual cycle, that is, 
part of the combustion takes place at approxi- 
mately constant volume and the remainder at 
constant pressure. The part of combustion 
taking place at constant volume increases the 
maximum pressure above the compression 
pressure in a ratio of about 1-6 times, so that 
the maximum pressure with 30 per cent. super- 
charge reaches 54 atmospheres and at 50 per cent. 
supercharge approaches 60 atmospheres. These 
high pressures impose higher loads on all bearings 
and parts subjected to the combustion, so that 
on the Doxford engine for high degrees of super- 
charging it has been deemed advisable to increase 
the sizes of the transverse beams, side rods and 
bearings and all the bolts in the side drive, 
until the stresses on these parts are no higher than 
those normally allowed. 

As the major portion of the work to raise the 
scavenging and charging air to the pressure 
required is derived from the energy of the 
exhaust gases, the mechanical efficiency of the 
supercharged engine is higher than that of the 
normal engine and mechanical efficiencies exceed- 
ing 90 per cent. with an output of 3,200 brake 
horse-power at 120 r.p.m. have been measured. 
This improvement in mechanical efficiency leads 
to a slight improvement in the fuel consumption 
of the order of 4 per cent. An estimate of the 
work done by the turbo-blower shows this to 
exceed 7 per cent. of the power of the engine at 
30 per cent. supercharge. The power developed 
by the turbine of the experimental engine 
exceeded 250 h.p. when the engine was develop- 
ing 50 per cent. increase in power. 

Some of the difficulties of supercharging the 
Doxford engine have been discussed. The 
advantages are mainly in reduced volume and 
weight of the engine, thus allowing more cargo 
space, and reduction in fuel consumption. This, 
besides saving money, can also reduce weight, 
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Fi:. 3. Timing diagrams with 8 deg. lead, timings relative to top dead centre. When running astern 


the exhaust opens only 12 deg. before the air, and full load is permitted only for short periods. 
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since not so much fuel. needs to be carried 
for a given voyage. The experimental engine 
described in the paper has been installed in the 
motor-tanker “British Escort,” and full voyage 
results will probably be available some time this 
summer. 


The paper also described the development of 
supercharging in Diesel engines, turbo-blowers 
available, and firing orders and turbine arrange- 
ments for two-stroke engines of three to eight 
cylinders. 
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LAUNCHES AND TRIAL 
TRIPS 


M.S. “ DaGatt.”—Single-screw oil tanker, built 
and engined by Burmeister and Wain, Ltd., Copen- 
hagen, Denmark, for John P. Pedersen & Son, 
Oslo, Norway. Main dimensions: 545 ft. between 
perpendiculars by 70 ft. 6 in. by 39 ft. to main deck; 
deadweight capacity, 18,250 tons on a summer 
draught of about 29 ft. 6 in.; oil-tank capacity, about 
24,775 cub. metres, B. and W. six-cylinder single- 
acting two-stroke oil engine developing about 
7,500 b.h.p. at 115 r.p.m. Main engine arranged 
for burning either Diesel fuel or heavy oil. Speed, 
15 knots fully loaded. Launch, March 22. 


M.S. “* FoYLEBANK.”—Single-screw cargo vessel, 
built and engined by Harland and Wolff, Ltd., 
Belfast, for the Andrew Weir Shipping and Trading 
Co., Ltd., London, E.C.3. Fifth vessel of a series 
of six for these owners. Main dimensions: 425 ft. 
between perpendiculars by 59 ft. by 38 ft. 3 in. to 
shelter deck; gross tonnage, about 5,800. Harland- 
B. and W. six-cylinder single-acting two-stroke 
Diesel engine. Launch, March 24. 


M.S. ‘ OREPTON.”—Single-screw _ ore-carrying 
vessel, built and engined by William Gray & Co., 
Ltd., West Hartlepool, for Ore Carriers Ltd., London, 
E.C.3. Third vessel of a series of six built for these 
owners. Main dimensions: 407 ft. between perpen- 
diculars by 57 ft. by 33 ft. 4 in.; deadweight capacity, 
9,075 tons on a draught of 25 ft. 6 in. Two Gray- 
Polar five-cylinder Diesel engines coupled to one 
propelling shaft through Vulcan hydraulic clutches 
and reduction gearing supplied by David Brown and 
Sons (Huddersfield) Ltd., Huddersfield. Service 
speed, 12 knots. Trial trip, March 24. 


S.S. ‘* HAmingea.”’—Single-screw oil tanker, built 
by Smith’s Dock Co., Ltd., South Bank-on-Tees, 
for Shell Tankers, Ltd., London, E.C.3. Third 
vessel of an order for five. This series constitutes the 
largest ships so far constructed by the firm. Main 
dimensions: 530 ft. between perpendiculars by 
69 ft. 3 in. by 39 ft.; deadweight capacity, about 
18,000 tons on a draught of 29 ft. 6 in. Double- 
reduction geared steam turbines and two Foster 
Wheeler oil-burning boilers,constructed by R. and W. 
Hawthorn, Leslie & Co., Ltd., Newcastle-upon- 
Tyne, and installed by the shipbuilders. Service 
speed, about 144 knots. Launch, March 25. 


M.S. “ Jacinta.”’—Single-screw trawler built by 
Cochrane and Sons, Ltd., Selby, Yorkshire, for the 
City Steam Fishing Co., Ltd., Fleetwood. Main 
dimensions: 127 ft. 6 in. between perpendiculars by 
26 ft. 6 in. by 13 ft.; gross tonnage, about 335. 
Seven-cylinder direct-reversing Diesel engine, develop- 
ing 695 s.h.p. at 228 r.p.m. in service, constructed by 
Mirrlees, Bickerton and Day, Ltd., Stockport, 
Cheshire, and installed by Amos and Smith, Ltd., 
Hull. Launch, March 26. 


S.S. “Groote Scuuur.”—Single-screw trawler, 
built by Cook, Welton and Gemmell, Ltd., Beverley, 
Yorkshire, for Irvin and Johnson, Ltd., Cape Town. 
Main dimensions: 141 ft. between perpendiculars by 
27 ft. by 14 ft. to main deck; gross tonnage, about 
490; fishroom capacity, 5,910 cub. ft.; offal-room 
capacity, 2,708 cub. ft. Triple-expansion steam 
engine, constructed by Charles D. Holmes & Co., Ltd., 
Hull. Steam supplied by one return-tube Scotch 
boiler designed to burn coal of low-calorific value. 
Launch, March 28. 


M.S. “London INTEGRITY.’’-—Single-screw oil 
tanker, built by the Furness Shipbuilding Co., 
Ltd., Haverton Hill, County Durham, for London 
and Overseas Freighters Ltd., London, W.1. Eighth 
vessel supplied to these owners. Main dimensions: 
525 ft. between perpendiculars by 71 ft. by 39 ft. 3 in.; 
deadweight capacity, 17,930 tons on a draught of 
30 ft. 6 in. N.E.M.-Doxford six-cylinder single- 
acting two-stroke opposed-piston oil engine, develop- 
ing 6,800 b.h.p. at 119 r.p.m., constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., 
Wallsend-on-Tyne. Speed, 15 knots. Trial trip, 
March 29. 
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Fig. 4 The airfield side of the south-east face passenger building. Passengers disembarking from aircraft enter the building directly through covered 


ways leading to first-floor level. 


THE CENTRAL TERMINAL AREA AT 


LONDON 
2—SOUTH-EAST FACE 


The main function of the new south-east face 
passenger building in the central area at London 
Airport is to deal systematically with incoming 
and outgoing passengers and their luggage on 
short-haul Continental and internal routes. In 
designing the building, simplicity and flexibility 
were the primary considerations. It is arranged 
for “ straight-through flow ” of passengers and 
baggage, with the minimum of confusion. Long 
continuous halls with movable barriers and desks 
for the necessary “** processing ” allow for future 
rearrangement. The second consideration on 
which the building is based is that for many 
passengers it provides the first impression of 
England. So far as possible, therefore, all the 
building materials and furnishings are British 
or Empire products. 

The building has to deal with four kinds of 
passengers: those beginning or ending their 
journeys at London Airport on overseas routes, 
and subject to clearances through customs, 
health and immigration formalities; passengers 
in transit from one country to another via 
London Airport and not subject to formalities 
of this kind; passengers changing from one 
service to another, requiring customs, health 
and immigration examination, accoiding to their 
place of origin and final destination; and passen- 
gers travelling within the United Kingdom, 
requiring no examination. In addition, the 
building provides amenities for passengers, 
facilities for staff working on the apron, and 
accommodation on roof terraces for spectators. 


** TRANSVERSE-BAND ” PLANNING)" 


The Continental section of the building is 
planned at first-floor level as a series of trans- 
verse “bands” containing the main customs 
hall, immigratior, health and waiting rooms. 
Ten parallel] passenger handling channels cut 
through these bands at right angles between the 
land-side and air-side of the building. Each 
channel is served by a baggage conveyer belt 
running beneath the first floor, except in the 
customs hall where the baggage is brought up 
for inspection at the same time as the passenger 
arrives. Six of these channels will be completed 
and brought into use at the opening this 
month. Four will be ready for use later on. 
Stretching the whole length of the building is 
a customs barrier which the general public 
cannot pass. Transit and inter-line passengers 


AIRPORT 
PASSENGER BUILDING 


will have their own self-contained suite on the 
air-side of the customs barrier. 

The whole of the ground floor of the building 
is set aside for the handling of baggage, the 
accommodation of technical staff and equipment 
and the preparation of food and other services. 
On the second floor there will be office accom- 
modation for operating companies, an extension 
of the main concourse, and a restaurant, as well 
as roof gardens for the general public. The 
upper floors are planned as a series of terraces 
for spectators. 

The internal section of the building forms an 
appendage to the Continental section and has 
its own separate entrance. It by-passes the 
customs barrier but is linked to the main con- 
course in the Continental section at first-floor 
level. 

Passenger and Baggage Channels.—At first- 
floor level departing and arriving passengers pass 
through one or other of the ten parallel channels 
already mentioned, Each channel is self- 
contained, the route being unmistakable and 
free from interruption by cross flow. The 
channels themselves are at two levels, and 
a passenger arriving by coach from the town 
terminal passes through the appropriate channel 
entrance at ground-floor level and reaches the 
main concourse at first-floor level by escalator, 
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Fig. 5 The Customs 
Hall, showing the ways 
for the convey ers which 


bring up passengers’ 
luggage from ground- 
floor level. 


his luggage following a similar route by conveyer 
belt. These conveyer belts, 3 ft. 6 in. wide, 
run at 66 ft. a minute. 

The channels with the conveyer belts are 
arranged in pairs so that two can be used together 
whenever it is necessary to handle very large 
aircraft loads. Each channel is completely 
reversible and thus capable of handling inward- 
or outward-bound passengers. 

Central Entrance Hall (Ground Floor).—Apart 
from the series of entrances to the separate 
channels which are for use by passengers travel- 
ling by airline coaches to and from the London 
air terminals, there is a central entrance hall 
on the ground floor which serves passengers and 
others arriving or departing by private car or 
taxi. These passengers, after checking in, ascend 
to the main hall by a central escalator. 

Main Hall.—The main hall occupies the heart 
of the building at first- and second-floor levels. 
At first-floor level are airline counters, shops, 
post and cable offices, agencies for car hire, 
theatre and hotel booking, a buffet etc. There 
are also nurseries for children. At second- 
floor Jevel a balcony lounge overlooks the main 
concourse, and a restaurant with a lounge bar 
overlooks the airfield. At this level there are 
more shops, including two hairdressing saloons. 
Opening directly off the lounge bar is a roof 
garden “‘ waving base ’’ where passengers’ friends 
can watch the departure and arrival of the 
aircraft in which their friends are travelling. 

“* Airside” Gallery and Bridges to Apron—A 
long glazed gallery runs the full length of the 
building on the “‘ airside ’’ connecting all channels 
and providing a link between the transit suite and 
the adjacent eastern-apex building. From this 
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gallery foot-bridges provide access directly to 
and from the apron over the apron road, The 
gallery will eventually be continued and linked 
with a similar gallery serving the proposed 
building on the north-east face. 

Technical and Services Accommodation.—Apart 
from the entrance halls the ground floor has 
accommodation for engineering staff, technical 
supplies and equipment, bonded stores and 
baggage warehouses, as well as for all the staff 
to be employed on baggage handling and apron 
services. The main kitchen serves all restaurant 
facilities within the building. A second kitchen 
for the preparation of meals served in aircraft 
will be used exclusively by British European 
Airways. 

Internal Services.—Passengers travelling on 
internal services or other services not subject to 
customs, immigration or health examination 
are accommodated in a separate section at the 
southern end of the building. A concourse with 
reception and dispatch counters is at ground floor 
level. A large waiting room at first-floor level 
equipped with a buffet and a bookstall is con- 
nected to the main hall by escalators and to 


Fig. 6 Departing 
passengers and their 
luggage arriving by 
coach are brought up 
by escalator and con- 
veyer belt respectively 
to first-floor level. All 
escalators and convey- 


ers are reversible. 


an extension of the airside gallery, whence a 
bridge leads to the apron. With no control 
formalities in this section, two handling channels, 
one inward and one outward, will handle all the 
internal traffic expected. There is no connection 
on the airside with other channels used by pas- 
sengers who are subject to customs and other 
controls. 

All the buildings in the central area have been 
designed, in close co-operation with the Ministry 
of Transport and Civil Aviation, by Mr. Frederick 
Gibberd, C.B.E., F.R.I.B.A., M.T.P.I. The Air 
Ministry Works Department have been respon- 
sible for the overall construction ; the Consulting 
engineers on the structural side are Sir William 
Halcrow and Partners; on electrical and 
mechanical installations, Ewbank and Partners ; 
and on heating and ventilation, G. H. Buckler 
and Partners. The principal contractors are 
Taylor Woodrow Construction, Limited (foun- 
dations and building work), and Redpath, 
Brown and Company, Limited (steelwork). 


The first of these two articles appeared on page 
446, April 8. 


QUICK-FREEZING FISH AT SEA 
EXPERIMENT TO OVERCOME MARKET FLUCTUATION 


In 1953, the White Fish Authority accepted a 
proposal of the Distant Water Vessel Owners’ 
Development Committee that an experiment, on 
a commercial scale, should be carried out, in 
which the earlier part of a distant-water trawler’s 
catch would be “‘ frozen-at-sea.”” It was agreed 
that the cost should be shared between the 
Authority, H.M. Government and the distant- 
water trawler owners, 

A joint committee was set up, and the Torry 

Research Station of the Department of Scientific 
and Industrial Research, which has for many 
years carried out fundamental research on the 
freezing of fish, developed special freezing equip- 
ment for the experiment. After tests had been 
carried out, the Authority, who accepted respon- 
sibility for the initial expenses, placed orders for 
the freezers, as well as for generators, compres- 
sors and other necessary equipment. The 
trawler **‘ Northern Wave ” was selected for the 
experiment and chartered by the Authority in 
November, 1954, since when her conversion and 
2-equipment have been carried out. The 
xperimental voyages are expected to go on for 
‘bout a year and the total cost is estimated at 
ibout £105,000. 


SCOPE OF THE EXPERIMENT 


Distant-water fishing vessels are not able to 
spend much more than one week actually on the 


job of fishing as the grounds may be 1,500 miles 
from port, and the journey takes about a week each 
way. When fishing is at its peak, the supplies 
landed are often more than the market can take. 
One object of the experiment is therefore to 
discover whether it is practicable and economic 
to hold the surplus as quick-frozen fish in first- 
class condition. 

The experiment has another important bearing 
upon the economic working of the distant-water 
fleet. Costs of fishing have risen substantially 
in recent years; those of a large distant-water 
vessel are nearly £300 per day at sea. Freezing 
the earlier part of the catch at sea would add to 
these costs, but the trawler could be kept on the 
fishing grounds for a day or two longer on each 
voyage. Thus the time spent in fishing would be 
increased in relation to time of steaming to and 
from the grounds, and the storage capacity of 
the vessel would be better utilised. 

The quick-freezing plant on the Northern 
Wave is capable of handling 5 cwts. of fish an 
hour and, working at full efficiency, is expected 
to freeze about 5,000 stones of fish on each of 
the experimental voyages. This represents 
between a quarter and a fifth of the trawler’s 
average catch. The rest will be stored in ice 
in the usual way. 

It is intended that under normal fishing 
conditions the plant will be operated by the crew 
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of the trawler, but for the experimental voyages 
staff from the D.S.I.R. and the Authority will 
supervise operations. 


PROCESS AND PLANT 


The Northern Wave is an oil-fired steam 
trawler, 188 ft. in length, with a hold capacity 
of about 18,000 cub. ft. Although she was 
built in Germany in 1937, she is similar in size 
and capacity to the newest British deep-water 
trawlers. Part of the fish hold has now been 
converted for the experiment. The size of the 
freezing plant and cold-store structure has been 
chosen to avoid reducing the total capacity 
unnecessarily, and the hold capacity will still 
permit the ship to return with a catch bigger 
than the fleet’s average in recent years. To 
freeze continuously with the rate of catching 
would have required an installation over three 
times the size of that adopted. The fish will be 
quick-frozen after gutting and washing, and then 
cold stored at low temperature. As the freezing 
rate is less than the average catching rate, it is 
necessary to be able to stow fish temporarily in 
crushed ice unless the delay is less than two or 
three hours. 

The fish will be frozen whole in slabs of about 
60 lb. in weight. If properly handled and 
frozen and stored under proper conditions, the 
quality at the time of freezing can be preserved 
for several months. The necessary techniques 
have been determined by extensive trials at the 
Torry Research Station. Most of the fish caught 
on Arctic grounds is cod, and this is therefore 
the main species to be frozen. To quick-freeze 
whole cod in the conditions of motion experienced 
on a trawler and without undue demands on space 
and labour requires a specially adapted form of 
plant. The development of such a freezer had 
been proceeding at the Torry Research Station 
for some years before the present experiment 
was proposed, and a pilot-scale vertical-plate 
freezer had been designed and built, and tried 
successfully at sea. It is based on plant that has 
for some time been used for whale meat. This 
type was chosen for the Northern Wave experi- 
ment and a commercial prototype was ordered 
by the White Fish Authority from J. and E. Hall, 
Limited, Dartford, who introduced some refine- 
ments into the Torry design. Further improve- 
ments have been made by trial and consultation. 

In this type of freezer, the fish are placed 
between vertical metal plates refrigerated at 
—35 deg. F. and are frozen into slabs about 
36 in. by 18 in. by 44 in. When the fish has 


reached a temperature below zero F., which takes 
between 44 and 5 hours, the slabs are released by 
moving the plates apart while simultaneously 





Fig. 1 One of the passages for loading the fish, 
The freezing cabinets on the right are operated 
by a single lever. 
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warming the metal by hot r.frigerant gas. The 
operations of opening and closing the plates 
and of switching from cold to hot refrigerant 
are controlled by two levers. The Northern 
Wave installation comprises 16 units loaded in 
rotation, each unit producing three slabs at a 
time. The freezers are installed in the cold 
store, but are loaded and operated from fore- 
and-aft passages communicating with the iced 
fish hold; the slabs drop into the cold store and 
are subsequently stacked there. The cold store 
is separately refrigerated by pipe grids at 
—20 deg. F. One of the two loading passages 
is shown in Fig. 1. 

Each freezing cabinet is divided into two 
sections, each with an independent cooling 
circuit fitted with a thermostatic expansion 
valve and with a hand-operated changeover valve 
so that there can be an immediate switch from 
freezing to hot-gas defrosting for freeing the 
blocks of fish from the evaporator plates. 


TEMPERATURE PROBLEMS 


Several problems arose in the design of the 
installation. In order to prevent drying out of 
the frozen fish, it is necessary to reduce the heat 
penetrating into the cold store to a minimum. 
This is especially difficult as the space is relatively 
small, and is at a temperature which is very low 
for marine practice. Structural members pierce 
the insulation, and where this occurs the steel 
has been replaced by reinforced-plastics members 
of lower heat conductivity. To help in handling 
the doors and hatches to the refrigerated space 
in a heavy sea, a lightweight construction of 
glass-fibre reinforced plastics was adopted. 
Special changeover valves for the refrigerant 
pipelines, to be used during the release of slabs, 
were designed and manufactured by J. and E. 
Hall on a suggestion of the Torry Research 
Station. 

The refrigerating machinery is orthodox and 
consists of two 25-h.p. condensing units serving 
the freezers. These are twin-cylinder machines 
with a bore of 7} in. and a stroke of 6in., running 
at 475 r.p.m. Each machine has a shell and 
tube marine condenser, supplied with sea water 
at ihe rate of 10,000 gallons per hour, by a hand- 
controlled Worthington-Simpson _ centrifugal 
pump. For dealing with the fish storage there 
is a twin-cylinder compressor of 4-in. bore and 
3}-in. stroke running at 500 r.p.m. On the 
compressor base is fitted a Megato sea-water 
pump which delivers 1,500 gallons per hour to 
the condenser. Compressor and pump are 
driven from an 8-h.p. motor. A similar equip- 
ment has been installed to boost the output of 
the large compressors when hot-gas defrosting 
of the fish cabinets is being carried out. These 
machines are cross-connected so that each can 
perform either duty. All machines are controlled 
by E. N. Bray marine-type hand-operated panels. 
The liquid refrigerant from the two large con- 
densers passes through a common receiver to 
headers running above the two banks of freezing 


Fig. 2 Part of the 
refrigeration plant for 
both the freezers and 
the main cold store. 


cabinets. All circuits are of the direct-expansion 
type working on Arcton 6, and all compressors 
are single-stage. The refrigerating machinery is 
installed forward of the fish hold in a compart- 
ment which was formerly part of the net store. 
Part of it is shown in Fig. 2. The increased 
demands for electrical power to drive the 
freezing installation have made it necessary to 
install new generators in the ships’ engine room. 
Power for the freezers is supplied by a 48-kW 
steam generator, and for ship’s auxiliaries and 
cold store by a 173-kW Diesel generator. A 
48-kW Diesel generator acts as standby for both. 

The extensive work of conversion has been 
carried out by the Humber St. Andrew’s Engi- 
neering Company, Limited. The insulation sub- 
contractors for the cold store were the J.D. 
Insulation Company, Limited, Bootle, Liverpool, 
and special plastics components were manu- 
factured by Necolam, Limited, Blyth. 
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ANGUS L. MACDONALD 
BRIDGE 


Second Longest Suspension 
Bridge in British Commonwealth 


The opening on April 2, 1955, of the Angus L. 
Macdonald Bridge, linking the City of Halifax 
with the Town of Dartmouth, marks the end of 
the largest bridge-building project in eastern 
Canada in the past quarter century. It also 
marks the fulfilment of a dream, cherished by 
many Nova Scotians since 1891 when the first 
Halifax harbour bridge, a wooden structure with 
a steel swing span, was swept away by a storm. 
The present bridge is the second longest sus- 


The Angus L. Mac- 
donald Bridge, linking 
Halifax, Nova Scotia, 
and Dartmouth, as seen 
from the Halifax bank. 
With the approaches, it 
has a length of 5,290 ft. 
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pension bridge in the British Commonwe ith, 
being second only to the Lions Gate Brid; in 
Vancouver which it closely resembles. he 
Halifax-Dartmouth bridge has a total ler th, 
including approaches, of 5,290 ft. compared © ith 
the 5,978 ft. of the Lions Gate. The centre ; an 
at Halifax is 1,447 ft. in length against 1,55 ft, 
for Lions Gate. 

The Dominion Bridge Company, Lim ed, 
Lachine, P.Q., was the main contractor for the 
superstructure and was responsible for the fz ori- 
cation and erection of the steel for both t: ese 
bridges. The steel for the new bridge, inc 4d- 
ing the cables, weighed 8,227 tons. The br ige 
took almost three years to construct from the 
beginning of the preparations for the foundations 
to the opening. It is the second major bridge to 
be completed in Canada within the past 15 
months; the other was the Granville-street bridge 
in Vancouver, built by the same company and 
opened in January, 1954. 

The bridge has a 27-ft. roadway and a 5-ft, 
sidewalk. It also carries a ductway accom- 
modating power and telephone cables, and 
inspection walks. An unusual feature of the 
bridge is the provision for it to carry a 30-in, 
water main from the Dartmouth side of the 
harbour when the City of Halifax outgrows its 
existing water supplies. To facilitate inspection 
and maintenance work, each of the three sus- 
pended spans of the bridge is equipped with a 
“ travelling bridge ’’ slung below the decking. 

The main towers of the bridge rise 309 ft. 
from their bases and there is a minimum clear- 
ance beneath the bridge of 165 ft. The two 
main cables are 40 ft. centre to centre, and have 
a sag under dead load at the centre of the main 
span of 133 ft. 6 in. It is computed that this 
sag will increase to 135 ft., when the load of the 
water-main is added. 

The main cable strands, of which there are 
61 of 14 in. diameter in each cable, and the 
suspender ropes were fabricated by Dominion 
Wire Rope and Cable Company, Limited, 
Lachine. For the cables, special wire was sup- 
plied by John A. Roebling and Sons, Trenton, 
New Jersey. Prestressing of the cables was 
carried out at the Longueuil plant of the 
Dominion Bridge Company. 

In selecting the lighting medium for the bridge, 
particular attention had to be paid to the pre- 
vailing coastal weather conditions in which 
heavy fogs are liable to blow in from the Atlantic. 
For this reason, as well as their general economi- 
cal running characteristics, sodium-vapour lamps 
have been erected. The lighting standards have 
also been designed to carry the overhead trolley 
wires for the electric coaches which use the 
bridge. 

Dr. P. L. Pratley of Montreal was Consulting 
Engineer for the project, with Mr. C. A. E. 
Fowler, of Halifax, as Associate Engineer. The 
site engineer for the construction company was 
Mr. P. G. A. Brault. 
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MOVING A 1,300-TON LOAD 
“ATOMIC” SUBMARINE HULL PUT INTO TEST SPHERE 


Test’ on the “‘atom-powered” submarine 
“Se: Wolf’ of the United States Navy are 
beins carried out inside a huge steel test sphere 
at West Milton, New Jersey. Because of the 
need for speed and ease of construction, the 
prototype hull and its associated equipment were 
assembled separately over 200 ft. from the 
sphere. The atomic reactor was installed in the 
hull after the latter was in position. 

This sphere, 225 feet in diameter, was con- 
structed by the Rust Engineering Company of 
Pittsburg. It sits inside a foundation about 
38 feet below ground level at its lowest point. 
Inside the shell, concrete has been placed to 
slightly above ground level to provide floor space 
and an anchorage for the shell as well as a 
footing for the prototype atomic reactor. 

Weighing 3,850 tons, the steel sphere was 
originally supported about four feet above the 
concrete saucer foundation by 26 columns rising 
from the ground to the equator of the sphere. 
In all, 3,900 cubic yards of concrete were placed 
below the sphere and 28,000 tons of limestone 
used inside the shell. 

Moving the 1,300-ton prototype hull into 
the sphere presented considerable difficulty as 
the area between the two pieces of equipment 
comprised tipped ground not having a large 
enough bearing capacity to carry the hull. 
The most critical restriction was that the hull 
had to be kept horizontal throughout the move, 
deflection between the two ends of the unit 
being limited to plus or minus half an inch. 

A steel trestle was built to span between the 
edge of the slab on which the hull had been built 
and the test sphere. To form this trestle, 13 
pairs of steel H-piles were driven down through 
the filling to solid rock. Along the line of the 
move, the average spacing was five feet except 
for a 12-foot gap over some water mains, 
electric cables and a sewer. Laterally, the piles 
were placed 13 feet apart and the distance 
between spanned with a girder. These members 
were placed slightly below the required level 
so that any levelling of the rails could be carried 
out with steel shims. By the elimination of all 
timber, compression under the imposed loading 
was reduced, a factor of some importance with 
the restricted movement permitted. 

During construction the hull was supported 
on timber blocking and the transfer of this 
weight on to the steel runway below gave rise 
to a number of problems. It was feared that 
the removal of any one set of chocks might 
allow a small deflection and, for this reason, 
before a set of chocks was removed, those on 
either side were jacked up one-sixteenth of an 





lhe prototype hull and associated equipment of the United States Naval 
* atomic-powered ’’ submarine being moved into the testing sphere by jacking 
it forward above a system of rails and rollers. 


inch—an operation requiring a 50-ton thrust by 
each of four jacks. The intermediate blocking 
was then removed and a transverse 12-in. beam 
tack welded into position beneath the hull. Two 
steel columns were then fastened vertically 
between the concrete slab and the hull. As this 
was repeated with each set of chocks the camber 
previously introduced gradually disappeared until 
the complete unit was supported on steelwork. 
The work was planned so that the two rows of 
steel posts occupied positions just inside the steel 
tracking, so simplifying the work of moving. 

Vertical movement of the hull was not required 
as it had been constructed at exactly the same 
level as it would occupy in the test sphere. 
Horizontal movement was achieved by jacking 
the hull forward on a double set of rails separated 
by steel rollers. ‘Two double tracks were formed 
of steel beams over the pile-supported bents and 
running from the concrete construction slab into 
the testing sphere. The second set of rails 
was placed directly under the hull and rested on 
the first set through the steel rollers. These 
rollers were fabricated of cold rolled steel, had 
a diameter of 2 in. and a length of 28 in. They 
were mounted in sets of three in bearings 
fabricated from channel girders, held in position 
at right angles to the direction of travel by 
sections of angle steel welded to the channel 
and situated midway between, and parallel to, 
the rollers. This arrangement ensured that when 
each unit of rollers was pushed into position 
against the track beams, the rollers were located 
at right angles to the direction of movement, so 
ensuring a straight move. The move in progress 
is illustrated below. 

The jacks used were designed by Spencer, 
White and Prentis of New York and had a 
length of travel of 5 ft. During the travel of 
the jack a heavy spring attached to the jack 
footplate was stretched; when the pressure on 
the jacks was released, the footplate was auto- 
matically retracted by this spring but when 
pressure was again exerted the footplate was 
registered against a new jacking point and the 
hull moved forward. These jacks could be 
actuated by either oil or water and in this 
instance the hydraulic pumping machinery was 
mounted on the aft of the proto-type hull as 
may be seen in the right-hand illustration below. 

Throughout the movement of the hull a con- 
tinuous watch was kept on the deflection of 
several parts of the unit. The maximum deflec- 
tion was noted when the hull moved off the con- 
crete slab on to the steel trestles. When in 
position in the test sphere, all the relative deflec- 
tions had been eliminated. 
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On completion of the move, the weight of the 
end of the hull containing the atomic reactor 
was carried down to the foundation slab by four 
concrete cradles with base measurements of 
7 ft. by 10 ft., and formed to mate with the 
circular shape of the hull at the upper end. At 
the machinery end of the hull, the existing vertical 
ribs were carried down to the foundation slab. 

The consulting engineers for the project, 
Spencer, White and Prentis, have found from 
experience that the force required to move a 
structure usually amounts to 2 per cent. of the 
weight to be moved. The present work proved 
to be no exception, and to move the hull, 26 tons 
of force were required, supplied by four jacks. 

The contract price for the whole of the moving 
operation amounted to 79,000 dols.; Mr. Daniel 
J. Barrows, M.A.S.C.E., was in charge for consul- 
tants. The Knolls Atomic Power Laboratory, 
responsible for the atomic reactor, is operated 
by the General Electric Company for the United 
States Atomic Energy Commission. The con- 
struction of the prototype hull was carried out 
by the Electric Boat Division of the General 
Dynamics Corporation. 
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TESTING THE EFFECT OF 
VIBRATIONS 


Testing the effect of vibrations on materials and 
equipment has always played a vital part in 
their strength, reliability and safety. For test 
work in this sphere either mechanical or electrical 
fixed-frequency vibrators have been used, but to 
widen the range of application and increase 
accuracy of control, Goodmans Industries, 
Limited, Axiom Works, Wembley, Middlesex, 
have designed variable-frequency vibration 
generating equipment. There are five models 
of vibrator, with peak thrusts ranging from 2 Ib., 
with frequency range up to 10,000 cycles per 
second, to 500 lb., with frequency range up to 
1,000 cycles per second. The vibrators are 
activated and controlled by matched electronic 
driving equipment which accurately determines 
the amplitude, frequency and force of the 
vibration. The latest addition to the range of 
driving equipment is the D.120 power oscillator. 
It is designed for use with the vibrator 390 A, 
which has a peak thrust of 25 lb. and a frequency 
range up to 10,000 cycles per second. The 
D. 120 has three frequency ranges between 10 
and 10,000 cycles per second, and provides a 
power output of 120 watts. 

The equipment generally has application in 
the aircraft and electronic industries for the 
fatigue testing of metals, resonance testing of 
structures, and performance testing of com- 
ponents and assemblies under simulated flight 
conditions. 





Two of the four ‘‘ walking ’’ hydraulic jacks providing the motive power. 
At the right is the self-locking bearing plate against which the jacks 
re-act. The jacking force required was 2 per cent. of the dead load weight. 
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EQUIPMENT FOR THE FACTORY 


SOME MORE EXHIBITION ITEMS 
Concluded from page 415 


The third Factory Equipment Exhibition was 
held at Earls Court from March 28 to April 2. 
Preliminary figures indicate that it was sufficiently 
popular to plan for a larger exhibition next 
year. In our issue of April 1, we described 
some of the items on show and brief descriptions 
of others are given here. 


PROTECTIVE CLOTHING 


To demonstrate the range of protective 
clothing that is now being made, mannequin 
parades were given at the theatre each day. 
Overalls and boiler suits made of Nylon were 
displayed by British Nylon Spinners, Limited, 
25 Upper Brook-street, London, W.1. (Examples 
of the use of this material in such items as ropes, 
filter cloths, driving belts and grinding wheels 
were shown on a separate stand). Protective 
rubber clothing was shown by the Dunlop 
Rubber Company, Limited, who also exhibited 
waterproof safety boots with steel toe caps 
which could withstand an impact of 150 foot- 
pounds. A rubber bucket was also on show. 
G. Waddington and Son, Limited, Hull, were 
displaying samples of gloves from their range of 


400 patterns. 
FIXINGS 


Most factory equipment has to be fixed in 
place, and the Rawlplug Company, Limited, 
Cromwell-road, London, S.W.7, were displaying 
a wide selection of fixings for various conditions. 
Among these may be mentioned the Rawlnut 
for fixing to thin panels, and which also forms 
an anti-vibration mounting. It consists of a 
rubber bush which passes through the hole and 
which is expanded when the nut is tightened to 
form a bulge behind the panel. The fixing is also 
air-tight, water-tight and insulating. The Durium 
drills, produced a little while ago by the company, 
were also being shown. These will cut holes in 
any masonry and can be had with extension 
shanks also for 12-in. or 16-in. drilling lengths. 
The series includes drills for cutting in glass. 


ALUMINIUM CONTAINERS 
Trays and containers find a place in every 
factory and several firms were showing samples 
The Equipment 


made of fibre, wood or metal. 





Fig. 8 The ‘Echo ”’ tester is used for locating faults in wound rotors, 


stators or field coils. 


Division of the Heston Aircraft Company, 
Limited, Heston Airport, Hounslow, Middlesex, 
had a large variety on their stand. Made in 
aluminium alloys, these ranged from perforated 
cooling trays to trunks for holding ten stones of 
fish. All are designed for stacking and some 
can be folded when empty, reducing storage 
space by six-sevenths. Crates, padded to carry 
and protect bottles, were also included in the 
display. 


WORKING PLATFORMS 
Access Equipment, Limited, Braemar-avenue, 
Neasden, London, N.W.10, were showing 


examples of their apparatus for maintenance 
work. These included the “* Giraffe ’’ hydraulic 
working platform which can be supplied in 
models to give working heights up to 42 ft.; 
** Safety Raisers”’ which combined with the 
Giraffe form maintenance docks for aircraft 
work; and the universal model of the ‘‘ Bean- 
stalk ’’ which is shown in Fig. 9. This is an 
improved version of a machine that has been 
available for some time, and has the advantage 
that it can be folded in a matter of minutes to 
pass through a doorway 6 ft. 6 in. high and 
2 ft. 6 in. wide. Fully erected, the height of the 
platform is 25 ft. giving a working height of 30 ft., 
and the carrying capacity is 3 cwt. The oil 
reservoir and the pumping motor are mounted 
in the centre of the base, which helps to keep the 
centre of gravity low. The platform can be 
raised to its full height by the motor in 44 minutes; 
the alternative hand operation takes about twice 
this. Both raising and lowering can be con- 
trolled by push buttons on the platform. Lower- 
ing takes 34} minutes. For folding, the tie bars 
on the platform rails are unscrewed and the 
sides swung down. Pairs of the supporting legs 
are pulled together till the base area changes 
from 7 ft. 34 in. square to 9 ft. 8 in. by 2 ft. 5 in. 
Fully collapsed, this can be further reduced to 
2 ft. 9 in. by 2 ft. 3 in. Apart from overhead 
work, the Beanstalk can be used for facing work as 
the edge of the platform can be located within 2 ft. 
of a wall even when the base is fully extended. 
An extension is available for fitting under the 
Beanstalk, thereby increasing the height by 
5 ft. Five models are 
made, as well as trailer- 
mounted versions. 


PEDAL FORK TRUCK 


Among the very many 
fork trucks exhibited, 
was the ‘“* Hydruped ” 
shown on the stand of 
Kenton Equipment 
Limited, 708 Kenton- 
road, Kenton, Harrow, 
Middlesex. With this 
truck the operator sits 
on a saddle and pro- 
pels it by pedals ina 
similar way to a bicycle. 
Steering is _ electro- 
hydraulically operated 
through a rack and 
pinion mechanism, and 
is controlled by push 
buttons on the handle 
bars. A counter-balance 
relieves the operator 
from effort even when 
the truck is carrying 
its full load of 1,000 
Ib. It is stated that the 
foot propulsion allows 
very exact control of po- 
sitioning when loading 
or stacking. The turning 
radius isalsosmall. The 
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Fig. © 


With a maximum working height of 30 ft. 
the Beanstalk can be retracted to pass through 
a doorway 6 ft. 6 in. high and 2 ft. 6 in. wide, 


hydraulic pump is driven by a 12-volt electric 
motor supplied from a battery. Heights of lift up 
to 114 in. are available, with or without telescopic 
masts. The firm were also showing several 
other trucks and lifting platforms. 


TEST INSTRUMENTS 


Several makers of instruments had stands at 
the exhibition, among them being the Murchie 
Trading Company, Limited, 11 King’s-road, 
London, S.W.3, who were showing _ their 
** Airsonic”’ fault-finding stethoscope which 
was described in ENGINEERING, vol. 178, page 
152 (1954). 

Another exhibitor, Runbaken Electrical Pro- 
ducts, 71-73 Oxford-road, Manchester, 1, had 
on their stand some electrical testing instru- 
ments. These included an insulation tester, a 
pipe thawer and de-froster, a midget soldering 
iron and a flash tester which gives both visual 
and audible indication. An ‘“ Echo” armature 
tester made by this firm, is shown in Fig. 8. It 
is designed for rapid and accurate testing of 
wound rotors, stators or field coils to detect 
shorted turns, shorts between coils or phases, 
open circuits and high-resistance joints. It can 
be used by semi-skilled labour. The tester 
contains a valve-oscillator which, when coupled 
with a search probe in contact with a slot, induces 
a current in the winding if a short circuit is 
present. This current flow is then detected by a 
second coil within the probe, coupled in turn to 
an amplifier and the meter bridge-circuit. The 
fault is thus recorded on the meter. The instru- 
ment measures 154 in. by 14 in. by 94 in. and 
weighs 28 lb. Supplies are drawn from the 
230-volt 50-cycle mains. Another instrument on 
show was the “ Gardaleke”’ earth analyser 
designed for the routine testing of the insulation 
of portable electric tools. The tool is plugged in 
to one of the sockets on the instrument (of which 
there are alternative sizes) and a clip attached to 
the metallic frame of the tool. Any short to 
earth is then shown on the meter. 


AUTOMATIC FEEDERS 


The increasing use of automatic machine tools 
has given rise to a demand for automatic feeders. 
The Riley Stoker Company, Limited, 19 Woburn- 
place, London, W.C.1, had several types of 
vibro-feeder and conveyors adapted for handling 
special parts on show. Basically, they consist 
of a bowl around the inner rim of which there 
runs a narrow platform leading from the bottom 
of the bowl to the discharge chute. Below the 
bowl is a pulsating electromagnet which vibrates 
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the bowl so causing the parts to move to the 
peripiery, as the bottom of the bowl is convex 
upwards. Continued vibration causes the parts 
to move along the rising platform till they reach 
the discharge point ready for another operation. 
Before they reach the chute, however, various 
stops and guides on the platform prevent the 
passage of any which are not the right way up, 
returning them to the bowl. Thus, although a 
large number of parts may be tipped into the 
bow! to lie at random, they are all delivered in 
correct orientation for the operation that is to 
be performed. The feeders can be designed to 
handle parts of widely different form, and can 
have more than one delivery chute if desired. 
Helical elevators, similarly operated by vibrators, 
were being shown as well. 

Epco Limited, Star Works, Leeds, 7, were 


exhibiting their “‘ Flexi-Force ’’ hydraulic power 
kits. These consist of a hydraulic ram, the 
pump (hand operated) for working it and a 
variety of attachments which enables it to be 
used for a great number of purposes. A flexible 
hose connects the pump and the ram so that the 
operator can stand at any convenient spot in 
relation to the work on hard. The attachments 
supplied include chains and chain plate for 
pulling; cylinder-toe for jacking; bases and 
pusher head for pressing, pushing, spreading 
and lifting; and extension tubes and couplings 
for increasing the span of the main adaptors. 
Two sizes are made, the larger having a capacity 
of 20 tons, and the smaller of 8 tons. The 
portability and adaptability of these sets allow 
them to be of use in many applications in a 
factory. 


PRECISION BATCH PRODUCTION OF 


TURNED AND SCREWED PARTS 
A VERSATILE TURRET LATHE 


Following the recent introduction of their 
H.L.V. toolroom lathe (which was described 
in ENGINEERING, page 312, March 11, 1955), 
Hardinge Machine Tools, Limited, Feltham, 
Middlesex, have brought out a turret lathe which 
incorporates a number of novel features. The 
lathe is designed for high-precision work with 
fast production rates, and is so equipped as to be 
extremely versatile. It is available in two models; 
H.C.T., which is for screw-cutting, and H.C., 
which has no threading equipment. 

The lathe is similar in its essentials to the tool- 
room model, having a hardened-steel flat bed 
with inverted V-guides, infinitely variable-speed 
spindle drive from a motor in the base, and 
an independent infinitely variable power traverse 
to the saddle. An eight-station turret is fitted 
in place of the single tool-holder on the saddle. 
Spindle speeds can be varied steplessly from 
125 to 3,000 r.p.m., and the longitudinal feed is 
similarly variable under load from } in. to 10 in. 
per minute. The spindle, which is on pre-loaded 
ball bearings, is designed to take a variety of 
work-holding devices. With step chucks the 
lathe will take work from 1 in. to 6 in. diameter; 
with a jaw chuck work from + in. to 5 in. outside 
diameter, 14 in. to 5 in. inside diameter, and 
1 in. through the spindle can be accommodated. 
With collets, the capacity is 1 in. diameter, { in. 
hexagon or ? in. square. 


TURRET MOUNTED ON CROSS-SLIDE 


The turret, which has eight stations, is carried 
on pre-loaded ball bearings and mounted on the 
cross-slide. The turret top-plate is of hardened 
and ground steel, with T-slots for the tool- 
holders. A variety of tool-holders is available, 
to take single tool bits 3 in. square, two of these 
bits side by side or one bit 7 in. by 3 in. Drills 
or reamers can be accommodated directly in a 
different form of tool-holder, or they can be 
held in the same holder with bushes. Tool- 
holders for boring tools or boring bars are also 
available, as are tap-holders and drill chucks. 
By using a suitable combination of tool-holders 
it is possible to set as many as 12 to 16 tools in 
the turret and thus to finish-machine many 
complicated components at a single chucking. 
The turret is located by a lever-operated lock, 
which automatically aligns it at each station. 
Each of the stops for the eight turret stations is 
individually adjustable, and the final setting of 
each tool can be done without affecting any of 
the others. 

The use of standard tool bits of high-speed 
steel ‘or with tungsten-carbide tips makes tooling 
i relatively inexpensive matter, and the individual 
idjustment of the tools enables it to be carried 
out quickly and easily. Heavy cuts to precision 
imits are possible as the slide-mounting of the 
turret eliminates overhang, and the bed and 
saddle are particularly rigid. For boring or 


turning to very close tolerances a dial indicator 
stop, reading to 0-0001 in., can besupplied. This 
can be of the single-position or the four-position 
type as required. 


SCREW-CUTTING BY 
INTERCHANGEABLE LEAD SCREW 


The lathe is not fitted with a lead screw of the 
normal pattern, running the length of the bed 
and driven through a gearbox to give the required 
pitches. Instead, a detachable lead screw is 
mounted at the rear of the headstock spindle, 
and a bronze follower is used to give the neces- 
sary motion to a threading head carried on a 
hardened and ground guide-bar. A single-point 
tool is set up in the threading head, and any 
thread of the same pitch as the lead screw can be 
cut at high speed. A different lead screw and 
follower are used for each different pitch to be 
cut. In operation the follower arm is lowered 
manually to commence threading. The follower 
then makes contact with the lead screw and the 
guide bar and threading head are moved towards 
the headstock according to the pitch of the screw. 
Control of the thread length is automatic, an 
adjustable length-control unit being provided on 
the headstock. This unit guides the threading 
tool accurately, and at a pre-determined point 
releases the follower from the lead screw and 
lifts the threading tool from the work. Threads 
can thus be cut at high speed up to a shoulder or 
into a blind hole without the necessity for cutting 
a relief groove before threading. The lathe will 
cut threads of any diameter up to the maximum 


An 8-station turret, with 
independent adjustment 
of stations, infinitely 
variable spindle speeds 
and power feeds, and 
length-controlled screw- 
cutting are features of 
the Hardinge H.C.T. 
lathe. 
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size of component which can be turned. The 
maximum threading length is 13 in.. 

Standard equipment includes the threading 
head, automatic thread-length control, screw- 
feed for cross-slide and independent power feed 
for turning and boring. Four single and four 
double tool-holders are supplied for use on the 
turret. Extra equipment includes collets, jaw 
chucks, step chucks and slotted face plates. 
Plain fixture plates, machined all over and 
screwed for the spindle nose, can be supplied, 
and these fittings can be machined as required 
for special fixtures. 
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REDUCING PROPELLER NOISE 


Frequencies Compared to Within 
1 Microsecond 


Flight test engineers of the Lockheed Aircraft 
Corporation, Burbank, California, have deve- 
loped a new method of reducing propeller noise, 
by a “ synchrophasing *’ system which keeps the 
blades in step, to within 1 microsecond. This, 
it is claimed, reduces the sound volume by 
10 decibels and “smooths” the remaining 
sound to make it more acceptable to the ear. 
Synchrophasing is a means of controlling the 
propellers to turn at a specified relationship to 
each other and at precisely the same relative 
angle to the fuselage. With the blades in step, 
vibration loads on the passenger cabin may be 
reduced by 75 per cent. Thesystem is based on 
the fact that a noise which is regular in frequency 
seems unobjectionable to the human ear, even 
though it may be loud. 

With the new method, an electronic governor 
keeps the propeller blades in correct phase, a 
permanent magnet being located on each pro- 
peller spinner and a coil on each engine nacelle. 
When the magnet passes the coil it sets up an 
electrical impulse which is transmitted to the 
governor. The latter compares the timing of 
impulses from each nacelle. If the pulses differ 
by 1 microsecond, the difference is registered and 
corrected. Correction on one type of propeller 
is accomplished hydraulically. An_ electrical 
signal from the central electronic governor to a 
fly-weight governor rectifies the blade angle to 
bring it into synchronisation with the other 
propellers. 

Research on the new system has been carried 
out by the Lockheed engineering flight test 
department, which requested two propeller 
manufacturers to build synchrophasers for flight 
test demonstrations. Both the Hamilton Stan- 


dard Propeller Division of Pratt and Whitney 
Aircraft, Hartford, Connecticut, and the Curtiss 
Propeller Division of the Curtiss-Wright Cor- 
poration, Wood-Ridge, New Jersey, have co- 
operated in the research work. 
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Fig. 1 The “‘zig-zag’’ grate employed in the Ashworth system provides 
a greater air space per unit grate area than a grate with straight fire bars. 
This improved air passage permits a reduction in the main suction-damper 
opening, and the consequently lower flue-gas speed ensures greater efficiency. 


FUEL ECONOMY IN SHELL 
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BOILERS 


BALANCED DRAUGHT SYSTEM WITH IMPROVED GRATE 


Considerable emphasis has been laid in recent 
years on the importance of conserving coal stocks, 
and one approach to the problem has been to 
discover methods of raising the efficiency of 
existing boiler plants. Means of achieving this 
by reducing heat losses in the flue gases 
(ENGINEERING, vol. 178, page 335, 1954) and by 
the use of baffles and soot blowers (ENGINEERING, 
vol. 179, page 278, 1955) have been suggested, 
but full advantage has not invariably been taken 
of methods already widely tested. Among 
these is a balanced air-draught system developed 
by Thomas Ashworth and Company, Limited, 
Burnley, Lancashire. This sytem, which is 
designed for installation in horizontal shell-type 
boilers, employs a special “‘ zig-zag’ grate and 
fan-induced air supply, and has recently been 
fitted in the dyeworks boiler plant of J. Turnbull 
and Sons, Limited, Hawick. The plant was 
subsequently subjected to a complete survey by 
the National Industrial Fuel Efficiency Service, 
and an overall efficiency of 79-2 per cent. on 
net calorific value of fuel was obtained. 


** ZIG-ZAG ” GRATE 


A model of the special grate used in the 
Ashworth system is shown in Fig. 1. As can 
be seen, it comprises a series of entirely separate 
zig-zag fire bars spaced by pairs of projections 
which form the points of contact between adjacent 
bars. This arrangement offers a considerably 
greater area for the passage of air than would be 
possible with straight bars; the air is also evenly 
distributed. The bars, which are interchangeable 
and number about 45, interlock with one another 
and are supported transversely in the furnace by 
side bars, held in position by dead plates of 
special design. The air spaces between neigh- 
bouring bars are nct vertical but allow the air to 
pass into the furnace obliquely, at a natural 
angle of flow. 

Owing to the large air space, the grate operates 
with a very low air pressure, and the main 
suction-damper opening can thus be considerably 
less than normal. This lowers the speed of the 
flue gases so that a greater proportion of the 
heat is absorbed by the boiler before the gases 
can be carried up the chimney. Moreover, the 
design of the grate promotes turbulence in the 
fires, thereby raising the speed of combustion 
and giving enhanced efficiency. The makers 
claim that the average life of the fire bars is ten 


years and that dismantling and re-erection can 
be completed in one hour. 

The principle of balanced draught involves a 
means of adjusting the suction and pressure air 
dampers and the provision of suitable instruments 
for indicating the suction and pressure at any 
moment; the two can thus be quickly and easily 
** balanced ’”’ by the fireman. The supply duct 
to each furnace has a control damper by means 
of which the air volume can be varied in order 
to meet steam requirements, and it is used in 
conjunction with the main suction damper to 
maintain a balance over the fuel bed. 


ELIMINATING COLD-AIR 
INFILTRATION 


In suction-draught furnaces there is always a 
tendency for cold air to leak in through the 
brickwork; this can best be prevented by 
ensuring that the air pressure over the fire is the 
same as that outside the boiler. This result is 
achieved in the Ashworth system by the arrange- 
ment described which enables the fireman to 
control the air pressure to the fire and the 
suction from the chimney (or induced-draught 
fan). When the draught is balanced, therefore, 
cold-air infiltration, which is a common source 
of loss in boiler plants, is reduced to a minimum. 

The air for combustion is supplied by a multi- 
vane fan and is passed to pressure air boxes 
through ducting. A gauge is connected to the 
economiser exit to indicate the sucttion draught 
and the fireman can immediaely recognise, 
whether the balanced condition is being main- 
tained by a glance at a ‘simple flap indicator 
fitted to the fire door. A reserve of power is 
provided so that variations in resistance before 
and after cleaning have little effect on the volume 
of air passing through the grate. 

Sometimes, a single-unit system is more suitable 
for the conditions of working and the layout of 
a particular boiler-house, and in such cases an 
aerofoil fan coupled to a motor is used; a unit 
of this kind is connected directly to each pressure 
air box. Several fan units can be seen in Fig. 2, 
which shows the new installation at Hawick. 
Another feature of the system incorporated in 
the Hawick plant is an attachment fixed to the 
fire-door hinge pin which operates a damper in 
the air duct and so prevents blow-back in the 
fireman’s face when he opens the fire door. 
Immediately the fire door is opened, this damper 
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Fig. 2 The Ashworth balanced-draught system here fitted to a Lancashire 
boiler plant involves a means of controlling the suction and pressure air 
dampers and incorporates a fan to supply air for combustion. 

also an automatic mechanism to prevent blow-back. 


There is 


closes the air duct and cuts off the pressure air 
to the grate. It returns to the open position 
when the fireman closes the door. 


SECONDARY AIR SUPPLY 


The Ashworth system also provides a second- 
ary air supply, which assists in effecting complete 
combustion and in the elimination of excess 
smoke. Secondary air cannot be admitted 
through the fire door if a balanced draught is to 
be maintained, and to overcome this difficulty 
a slot is included in the dead plate and covered 
with a perforated baffle. This admits secondary 
air in proportion to the resistance of the fire 
bed. When fires are thin and clean the resistance 
of the fuel bed is less, and a proportion of the 
primary air is converted into secondary air 
as it passes through the grate. As fires become 
dirtier and begin to build up, the resistance of 
the fuel bed is increased, and a greater proportion 
of the air then passes through the perforated 
baffle and mingles with the volatiles. Com- 
bustion is thus more efficient and black smoke 
eliminated. 

In addition to the advantages already men- 
tioned the makers claim that their system can 
effect a saving in coal of approximately 10 per 
cent. and can enable 25 per cent. more steam to 
be raised from coal of a given quality. Low- 
grade coal can be burned without loss of 
efficiency and the equipment requires little 
maintenance. The Ashworth system is equally 
suitable for hand or mechanical firing and 
installation can be completed during one 
week-end. 

To determine the improvement in the Hawick 
plant effected by the Ashworth system, measure- 
ments of coal consumption and quantity of 
water evaporated were made for comparable 
half-year periods before and after installation. 
The saving in coal was estimated to be approxi- 
mately 11-6 per cent. Further evidence of the 
efficiency of the converted plant was supplied 
by the National Industrial Fuel Efficiency 
Service’s survey report, a summary of which is 
given here. 


N.LF.E.S. SURVEY REPORT 


The object of the survey was to test the 
efficiency of the boiler plant of J. Turnbull and 
Sons; this consisted of two Lancashire boilers 
fitted with Holehouse stokers-and the Ashworth 
zig-zag grate balanced draught system; a 
Green’s economiser was installed behind the 
boilers. Two boiler tests were carried out on 
similar steam loads of approximately 11,500 Ib. 
per hour, the first with both boilers sharing the 
load, and the second with one boiler carrying 
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The report stated that the performance of the 
boiler plant was very good, and that the efficiency 
obtained in test 1 was one of the highest recorded 
for Lancashire boiler plants by the N.I.F.E.S. 
teams. The high efficiency was mainly due to 


the generally good combustion conditions main- 
tained in the plant, although this was slightly 
marred by some incomplete combustion, which 
was particularly noticeable at periods of peak 
load. Although the percentage of carbon 
monoxide in the flue gases was only 0-8 per cent. 
in test 1, this gave a heat loss of 3 per cent. 

Test 2 showed quite clearly that it was 
unprofitable to operate the plant with one 
boiler being forced above its normal rating and 
the other banked except for occasional peak- 
load running. The team therefore recommended 
that the load should be shared equally between 
both boilers, and in addition the fireman should 
be instructed not to allow carbon-dioxide 
readings above 12-5 per cent. since a slight 
reduction in average carbon-dioxide figures 
would be more than compensated by elimina- 
tion of carbon monoxide. 


THE U.S.S. ** TIMMERMAN ”° 
EXPERIMENTAL PROPELLING MACHINERY 


The United States destroyer ‘“‘ Timmerman,” 
originally ordered as one of the Gearing class, was 
laid down by the Bath Iron Works at Bath, 
Maine, in 1945, but was not launched until 
1951. She has now been completed with 
experimental machinery of much higher power, 
but less weight, than others of the class. A 
detailed description of this machinery was given 
in a paper which Commander D. G. Phillips, 
U.S.N., delivered before the Institute of Marine 
Engineers in London, on March 29. 

The Timmerman has a standard displacement 
of 2,425 tons and measures 390 ft. 6 in. in length, 
40 ft. 10 in. beam and 12 ft. 6 in. in depth. The 
total shaft horse-power of her twin-screw 
machinery is 100,000 instead of the 60,000 shaft 
horse-power of her class; but the machinery 
weight is only 835-8 tons instead of 938-7 tons, 
including propellers and shafting, auxiliaries, 
uptakes and funnels, tools and equipment, or 
18-8 lb. per shaft horse-power as against 35 lb. 
The weight of electrical equipment has been 
reduced by no less than 55 per cent. from 137-6 
tons to 61-5 tons; this covers generating plant, 
switchboards, transformers, motors, controllers, 
and cables with their conduits and supports, 
but not the degaussing cable and its fittings. 

The aim in the design was to produce “ a ship 
which was fully 15 years ahead of her time,” 
to which end the contractors and sub-contractors 
were given exceptional freedom. Guarantees 
were required only on workmanship and material, 
there being no penalties for failure to meet 
performance requirements. The specification 
called for a top speed of not less than 40 knots, 
propeller revolutions of ‘* about 350,” and the 
following minimum steam conditions: _ boiler 
pressure, 750 lb. per square inch (700 lb. at 
superheater outlets); temperature, 1,025 deg. F. 
at superheater outlets and 1,000 deg. F. at 
turbine control valves; pressure at turbines, 
650 lb. per square inch. 

Several alternative designs of boilers and 
other components were built and tested before 
deciding on those to be fitted in the ship. These 
are different for the two shafts, the starboard 
set using steam at 875 lb. pressure, and the port 
plant, steam at 2,000 lb. per square inch, both 
at a temperature of 1,050 deg. F. Preliminary 
studies indicated that the 2,000-lb. pressure 
offered little advantage, if any, over 875 Ib. 
pressure, but it was decided to carry through the 
experiment, to see if the higher-pressure plant 
could be improved. 

The starboard set has two single-furnace 
natural-circulation boilers, each with an output 
of 170,000 lb. of steam per hour. Fuel oil is 
suppliéd to the seven burners of each boiler at 
3590 lb. per square inch. Combustion and 
fe-d-water supply are automatically controlled. 
T ie two boilers are of different makes, but have 
a} proximately equal heating surfaces (3,332 sq. ft. 
aid 3,370 sq. ft.), though more widely different 


areas of superheater (959 sq. ft. and 1,303 sq. ft.) 
and of economiser (1,994 sq. ft. and 2,690 sq. ft.). 
The respective furnace volumes are 390 cub. ft. 
and 491 cub. ft. 

The main propulsion unit comprises cruising, 
high-pressure and low-pressure turbines in 
separate casings, the cruising and H.P. turbines 
being connected in tandem, without a reduction 
gear. Up to 25 knots, all steam is admitted to 
the cruising turbine; above that speed, part is 
admitted directly to the H.P. turbine. The tip 
speed of the last row of L.P. blading is 1,410 ft. 
per second—the highest ever used in a naval 
installation. The H.P. and L.P. turbines are 
connected through a single-reduction gear to a 
high-speed line shaft, running at 1,800 r.p.m. 
and thence through a planetary second-reduction 
gear to the propeller shaft. 

The port set of machinery takes steam from 
two boilers, both alike, each delivering 160,000 Ib. 
of steam per hour at 2,000 lb. per square inch 
and 1,050 deg. F. temperature. The fuel is 
supplied at 1,000 lb. per square inch to the four 
burners. As in the case of the starboard instal- 
lation, automatic combustion and feed-water 
controls are provided, and the superheater outlet 
temperature is a function of the boiler firing rate. 
The total generating surface of each boiler is 
2,730 sq. ft., the superheater surface 1,200 sq. ft., 
and the economiser surface 3,060 sq. ft. The 
furnace volume is 352 cub. ft. 

The cruising, H.P. and L.P. turbines are sup- 
ported by the condenser, whereas, in the star- 
board set, the condenser is suspended from the 
L.P. turbine girder. The cruising turbine is con- 
nected to the H.P. turbine through a single- 
reduction gear, without a clutch; and the drive 
from the turbines to the propeller shaft is through 
a locked-train double-reduction gear, The tip 
speed of the last stage of L.P. turbine blading is 
1,366 ft. per second. The design of this blading 
is unusual (and is claimed to be unique) in that 
it is not shrouded, but is provided with a tie 
wire, passing through a hole in each blade. 
The wire is upset at each end to form a knob, 
but is not brazed to the blades. 

The electrical equipment also presents many 
originalities in design, as might be inferred from 
the comparative weights, quoted above. It is a 
three-phase system, operated at 1,000 volts and 
400 cycles, and is supplied by two 600-kW 
synchronous turbo-generators, both being direct- 
coupled “ package units.” One unit, taking 
steam at 1,805 Ib. per square inch and 1,040 deg. 
F., runs at 24,000 r.p.m. and has a static excita- 
tion system. The other, using steam at 815 lb. 
per square inch and 1,045 deg. F., runs at 
12,000 r.p.m. and has a rotary exciter. There 
are also two 250-kW emergency generators, one 
driven by a 410-h.p. two-stage gas turbine with a 
ten-stage compressor (the first such application 
in the U.S. Navy) and the other by a four-cylinder 
two-cycle radial Diesel engine. All pumps and 
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other auxiliary machinery, except the feed pumps 
and the main forced-draught blowers, are driven 
by 950-volt 400-cycle motors, with silicone 
insulation. Initially, there was some trouble 
with insulation and bearing failures, but these 
are believed to have been substantially overcome. 

There are various novelties in the hull and the 
navigating equipment also, though outwardly 
the vessel is not notably different from the 
original ships of the class. The all-aluminium 
deckhouse is welded on one side and of partly 
riveted and partly bolted construction on the 
other, with no expansion joints. A new type of 
steering gear is fitted, using a ball-bearing nut 
and screw with hydraulic drive, in place of the 
usual hydraulic ram system; this has saved con- 
siderable weight and space. The twin rudders 
are mounted in roller bearings, fitted with seals. 
The trials of the Timmerman are still in progress, 
but indicate so far that ‘‘ the construction of the 
ship is justified, considering the new engineering 
horizons it has opened.” 


x k * 


MAIN LINE 
ELECTRIFICATION IN 
NEW SOUTH WALES 


The main railway line between Sydney and 
Lithgow in New South Wales, a distance of 
82 miles, is being converted to electric traction; 
and the first section, between Parramatta in 
the suburbs of the city and Blacktown was 
opened to traffic in February. It is expected that 
the second section, between Blacktown and 
Penrith, will be electrified by September, 1956, 
and the remainder by the middle of 1957. The 
scheme as a whole involves the electrification of 
232 track miles. 

This conversion has been undertaken, after 
alternative schemes involving an increase in the 
number of tracks or heavy civil engineering work 
had been considered, owing to the impossibility 
of coping with the growing freight traffic by steam 
traction over a line which rises to a height of 
3,500 ft. above sea level with gradients of 1 in 33 
and curves of 12 chains radius in the Blue 
Mountains round Lithgow. As a result the 
towns of Penrith and Blacktown will become 
dormitory areas of Sydney and mining and 
agricultural traffic between Lithgow and the coast 
will be accelerated. It is estimated that it will 
be possible to reduce the time of the journey 
between Sydney and Lithgow by one hour for 
passenger and by two hours for freight trains. 


1,500 VOLT DIRECT-CURRENT 
OVERHEAD SYSTEM 


Electrification is being carried out on the 
1,500 volt direct-current system, the contractors 
for the overhead work being British Insulated 
Callender’s Construction Company, Limited, 
21 Bloomsbury-street, London, W.C.1. Between 
Parramatta and Penrith the equipment is of the 
single catenary type, but in the mountainous 
section thence to Lithgow it is of compound 
cantenary construction. The structures consist 
mainly of broad flange beam portals in the erection 
of which a “concrete” train is being used 
to pour material for the foundations and a 
“steel” train fitted with cranes for lifting 
the steel work into place. Finally, there is a 
“wiring” train for stringing the conductors. 
Specially trained teams can erect and bolt an 
overhead structure in about 25 minutes, thus 
reducing interference with the traffic to a 
minimum. 

Quad-carrier and quad-trunk composite cables, 
which have been manufactured in this country by 
British Insulated Callender’s Cables, Limited, 
are being installed by British Insulated Callender’s 
Cables (Australia) Pty. Limited, between Sydney 
and Penrith. 

All the motive power will be fitted with 
regenerative braking equipment, the energy thus 
recovered being used to assist the operation of 
the ascending trains. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS SPRING MEETING 


Departing from their usual practice, the Institu- 
tion of Naval Architects started their Spring 
Meeting on a Monday, April 4; but the occasion 
was distinctly a special one, being the inaugura- 
tion of the new Weir Lecture Hall which has 
been constructed on a bombed site at the rear 
of their headquarters at 10 Upper Belgrave- 
street, London, S.W.1. A description of the 
Hall, and an illustration of its interior, appeared 
on page 424, ante. 

The chair was taken at the opening meeting by 
the President, Viscount Runciman of Doxford, 
O.B.E., A.F.C., D.C.L., who said that the Hall 
stood primarily as a monument to the care and 
prudence with which the finances of the Institu- 
tion had been conducted; for, when the Council 
approved the project in 1950, it was with the full 
knowledge that they could afford to pay for it. 
At that time, however, it was impossible to get a 
licence to proceed with the work, and, in fact, 
the licence was not obtained until the summer of 
1953. Early in that year the Institution had 
received from Lord Weir an extremely generous 
gift, which enabled the Council to go forward in 
confidence that they could not only build a hall, 
but a very fine hall. 

After paying tribute to the work of the 
architects and the contractors in the construction 
of the Hall, and to the generosity of those firms 
and members whose gifts had helped to equip it, 
Lord Runciman emphasised that it was designed 
primarily for use and not for mere ostentation, 
and was of a size that would accommodate 
comfortably the number of people who habitually 
attended the Institution’s meetings; its existence 
would be justified purely by the use to which the 
Institution was able to put it in the years that 
lay ahead. “It is,” Lord Runciman said in 
conclusion, “* in the full hope and confidence that 
that use will contribute to the development of the 
art and science of naval architecture that I 
declare it formally opened.” 


THE AMOS AYRE LECTURE 


The President then invited Mr. Edward L. 
Denny to read the first Amos Ayre Lecture, 
which had been prepared by his cousin, the late 
Sir Maurice E. Denny, Bt., K.B.E., an Honorary 
Vice-President of the Institution, whose death 
on February 2, was recorded on page 166, ante. 
The Lecture was established at the instance of the 
Shipbuilding Conference, of which Sir Amos 
Ayre was chairman from 1936 until his death in 
1952, to commemorate his great services to the 
shipbuilding industry. The conditions prescribe 
that Amos Ayre Lectures shall be delivered at 
intervals of three years, that an Ayre Lecturer 
shall be “* of British nationality and eminent and 
distinguished in his profession,’ and that he 
shall receive an Amos Ayre Medal and honora- 
rium, both of which are awarded by the Ship- 
building Conference. The first Lecture was 
entitled ““ Amos Ayre, the Man and his Work,” 
and was read by Mr. Denny as Sir Maurice had 
written it, in the first person. This was all that 
could have been done, whoever the reader might 
have been, but the similarity in timbre between 
Mr. Denny’s voice and the well-remembered 
voice of Sir Maurice emphasised the personal 
character, born of long association, of the tribute 
to one who “was universally accepted and 
acclaimed as a leadet in his own sphere and one 
of the outstanding shipbuilders of his generation.” 

Amos Lowrey Ayre, the Lecture premised, was 
born at South Shields in 1885. He was appren- 
ticed to Wood, Skinner and Company, attended 
evening classes in naval architecture at Arm- 
strong College (now King’s College, University 
of Durham) and was awarded the King’s Prize 
and an Honours Medal. Thereafter he worked 
in various shipyards in Dublin, Belfast and 
elsewhere, but in 1912, forsook shipbuilding to 
become manager of the Labour Exchange at 
Govan, Glasgow—“ an early indication of the 
attraction he felt . . . for public service, for 


administrative work and for the expert handling 
of figures and statistics.” During the first 
World War, he was for two years Supervisor of 
Fleet Coaling, under the Admiralty, in the Firth 
of Forth, but relinquished this appointment in 
1916, to join the directorate of Shipyard Labour, 
and in the following year was appointed District 
Director of Shipbuilding (Scotland), a post in 
which he was brought into close contact with the 
Shipbuilding Employers’ Federation. 

In 1918, with his brother Wilfrid (now Sir 
Wilfrid), he founded the Burntisland Shipbuilding 
Company, which later “‘ gained the reputation 
both technically and commercially of being 
among the most successful yards in the country.” 
This occupied his time very fully until 1924, when 
he was appointed by the Shipbuilding Employers’ 
Federation as a member of their Conference and 
Works Board, dealing with the trade unions on 
matters of wages and production. From that 
time, his contributions to affairs outside his 
private business became increasingly significant. 
In 1926, he was elected chairman of the Board, 
with a seat on the Federation’s Executive 
Committee, of which, only a year later, he was 
made Vice-President. 

In 1930, Amos Ayre was appointed to the 
Presidency of the Shipbuilding Employers’ 
Federation. In the following year, a compre- 
hensive investigation was undertaken, yard by 
yard, with regard to onerous agreements, price 
lists and practices, resulting in the publication 
of a statement to the trade unions of “ The 
Position of the Shipbuilding Industry,” in which 
he appealed to the unions to co-operate in setting 
the economic house in order. His period as 
President terminated, in the ordinary course, in 
1931, but, short as it was, it demonstrated his 
outstanding qualities, and various important 
appointments followed in quick succession. In 
1932, he was chairman of a special committee 
which reported to the Ministry of Labour on 
‘““The Unemployment Situation”; in 1933 he 
became Vice-President and in 1934 President of 
the National Confederation of Employers’ 
Organisations (now the British Employers’ 
Confederation); from 1934 to 1938 he served on 
the Unemployment Insurance Statutory Com- 
mittee; and in 1936 he was appointed to serve 
on the Railway Staff National Wages Tribunal. 

In 1936, he severed his connection with the 
Burntisland shipyard on his appointment as chair- 
man of the Shipbuilding Conference, and there- 
after devoted himself solely to the interests of 
the Conference and to public work on various 
Government and similar committees—the Ship- 
building Consultative Committee, which advised 
the Committee of Imperial Defence, the Fal- 
mouth Committee on Oil from Coal, the Mer- 
chant Shipping Advisory Committee, and the 
Air Ministry Advisory Committee being among 
the most important of these. When, in 1939, 
the Ministry of Shipping was formed, he was 
seconded from the Shipbuilding Conference to 
take up the appointment of Director of Merchant 
Shipbuilding and Repairs, to which was added 
in 1940 that of Deputy Controller (under Sir 
James Lithgow) of all shipbuilding and repairs, 
both naval and mercantile. Ayre was respon- 
sible for the complete planning within his depart- 
ment. On the basis of his experience in the first 
World War, he worked out, in conjunction with 
the naval authorities, a programme of steel 
fabrication by the structural-steel industry; 
shortages of riveters were countered by an 
expansion of welding; and, when the fall of 
France necessitated a review of plans, substantial 
orders for ships were placed in the United States 
and Canada. 

Ayre relinquished his war-time appointment 
in 1944 and resumed his duties as chairman of 
the Shipbuilding Conference. He had been 
knighted in 1937 for his services to industry in 
general and in 1943 was made a K.B.E. for his 
work in the Admiralty. On returning to the 
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Conference, he decided not to immerse himself 
too deeply in the day-to-day affairs «f the 
organisation, but rather to devote his attention 
to matters of major and general policy. These 
included the post-war drive for increased e> ports 
in pursuance of which he visited South Ar erica, 
the United States and various Continental coup. 
tries, and service in an advisory capacity tc many 
of the Government officials and Minister. with 
whom he had worked during the war years. He 
was also characteristically active in the suppor 
of the British Shipbuilding Research Associa. 
tion, in which he was a member of the Research 
Council, and of the Admiralty Ship Welding 
Committee, of which he was chairman. 

Of the man himself, Sir Maurice wrote, from 
a long and intimate association, that ‘* Without 


-doubt Ayre’s outstanding quality was his pro. 


digious capacity for work. ... He had jp 
addition an excellent brain and much power of 
concentration, which enabled him to become 
the eminent ship designer and shipbuilder that 
he was. ... He was inclined to carry his 
application to details at times to extremes [for] 
he was essentially a human being, not just a 
powerful machine with a brain. He inspired 
not only esteem but also affection in people he 
came in contact with at all levels. . . . Never 
did he betray a confidence, nor fail to justify 
the faith which the whole industry reposed in 
him.” 

Sir James McNeill, C.B.E., proposing a vote 
of thanks to Mr. Edward Denny for having 
delivered the Lecture, said that it was not often 
that the historical appraisal of a famous man 
was written .by one who was so closely a con- 
temporary in his own profession. It had been 
given with a sympathy and understanding which 
could only have been born of a close knowledge 
of the man and his achievements. It could fairly 
be said that they had been presented with a true 
picture of a man who possessed the first essential 
of greatness—integrity—and who had also that 
other great virtue of impartiality, always exer- 
cised fearlessly in all his opinions and delibera- 
tions. It was fitting that, after the tragic death 
which overtook the author of the Lecture, it 
should have been delivered by his successor, 
Mr. Edward Denny, to whom they were greatly 
indebted for carrying out the task so well. 

The vote of thanks was carried by acclamation. 

ANNUAL DINNER 

The guest of honour at the Institution’s 
annual dinner, which was held at the Connaught 
Rooms, London, on April 6, was H.R.H. The 
Duke of Edinburgh, K.G., who was presented 
with the diploma of honorary membership by 
the President, Viscount Runciman. 

The President explained that there were only 
eight honorary members of the Institution, and 
addressing the Duke he said: “‘ It is to this small 
company, Sir, that we now seek to add you.” 
The Duke’s: acceptance would continue the 
Institution’s long connection with the Royal 
Family—with Edward VII, George V, George VI, 
and Elizabeth II the Institution’s Patron to-day. 

After accepting the diploma the Duke said it 
was a very great honour and pleasure. It 
seemed to him that the business of shipbuilding 
was going through an awkward and anxious time. 
How were they to combine the best of past 
experience and the best of present possibilities? 
The most recent advances had been due to 
increased engine efficiency. ‘‘ But who knows, 
the next step may come from improved hull 
design !”’ 

At the conclusion of his speech the Duke 
proposed the toast of “‘ The Institution of Naval 
Architects.” The toast of ‘‘ The Guests ”’ was 
proposed by Mr. R. B. Shepheard, C.B.E., 
B.Sc., chairman of Council... He remarked that 
there were not enough naval architects, and that 
the function of the naval architect was not only 
to produce the best possible ship from the 
available scientific data but also to make his 
ship as beautiful as possible. H.E. The Portu- 
guese Ambassador, Dr. P. T. Pereira, responded. 

Reports of the technical sessions at the Spring 
Meeting will appear in subsequent issues of 
ENGINEERING. 
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bour Notes 


MEN VERSUS MACHINES 


An interesting discussion on the comparative 
power costs of men and machines took place 
at the concluding session of the national con- 
ference of the Institution of Works Managers, 
at Earls Court, London, on April 2. 

Mr. John Ayres, director and general manager 
of Simms Motor Units, Limifed, East Finchley, 
London, N.2, who opened the proceedings, 
emphasised the great disparity between the 
rewards expected by an employee and those 
required by a machine, such, for example, as 
an electric motor. 

According to Mr. Ayres, human energy is at 
present about 500 times as expensive to use as 
electrical power. Inillustration of his contention 
that workpeople are, by far, the dearest form of 
power available to employers, he quoted figures 
to show that thirteen men would be required to 
perform the work of a machine developing one- 
tenth of one horse-power. 

Further, at current rates of wages, an employer 
would have to pay his men about 42s. to perform 
the same amount of work in the same amount of 
time that a machine could accomplish for a 
penny. 


VALUE OF INDUSTRIAL ENGINEERING 


The three-day conference began on March 31 
and was opened by Mr. Harold Watkinson, 
Parliamentary Secretary to the Ministry of 
Labour and National Service. It had as its 
central theme the maintenance of prosperity by 
efficient management and marked an important 
stage in the development of the Institution, in 
that the occasion was used to inaugurate the 
Institution’s newly-formed Industrial Engineer- 
ing Division. 

Mr. Watkinson congratulated the Institution 
on its enterprise in this connection and said that, 
in his view, the description “ industrial engineer- 
ing,” which had been comparatively little used 
in this country, well described the broader 
functions that nowadays must form the principal 
concern of works management. 

He considered that good industrial-engineering 
practice, in combination with sincere human 
relations in industry, might well provide the key 
to the nation’s continued prosperity in the 
difficult years which lay ahead. 


ALTERNATIVE TO HIGH PRODUCTIVITY 


In his address, Mr. Watkinson emphasised that 
improvements in efficiency in all the varied 
spheres of the community—industry, commerce, 
administration, government—was an aim which 
every individual should have constantly before 
him. 

In fact, Mr. Watkinson said, the theme of the 
conference neatly pinpointed the task which 
stretched ahead before the whole nation, indi- 
vidually and collectively. It was a task in 
which the only alternative to success was to 
suffer a rapid decline in the nation’s standard of 
living. 

This was not to suggest that the country had 
not made good progress in the past. During 
1954, manufacturing industries were producing 
at a record level, returns from exports were 
excellent, the number of persons in work 
exceeded that for past years, and there had been 
an increase in national savings and in private 
industrial investment. 

But it was not possible to be content with the 
work of the past. It needed to be emphasised 
that this position had to be maintained unless 
‘here was to be a decline in living standards all 

ound. Efficient management could do most 


to bring about an even greater level of pros- 
perity. 

Britain’s economy was not a sheltered one. 
On the contrary, it was probably the most 
vulnerable in the world. The nation lived by its 
exports and was encountering steadily-increasing 
competition in the markets of the world. 
National prosperity depended upon the willing- 


ness of overseas buyers to purchase British 


products to the value of nearly £3,000 million 
a year. It was necessary to increase this amount 
and that required team work and efficiency. 


IMPORTANCE OF SKILL 

Meeting the steadily-rising demands for 
skilled men, Mr. Watkinson affirmed, was the 
greatest manpower problem that the Ministry 
of Labour had to face at the present time. 

Skilled men and women were the finest assets 
the nation possessed and it was essential to 
make the utmost use of their services. The 
need for skilled labour was heavier now than 
ever before. In fact, the demand was such that 
it could only be met if it were generally recognised 
that skilled labour was not to be obtained simply 
for the asking. 

The country must husband its resources of 
skill in a careful and intelligent manner. That 
meant, in the main, that managements must 
ensure that the skill of every craftsman in the 
country was employed to the best advantage on 
work which only a skilled man could perform. 

Future developments of atomic power and of 
other new manufacturing techniques would 
increase and they would much intensify demands 
for skilled labour. In this connection, the 
importance of sound training and apprentice- 
ship schemes must be borne prominently in 
mind as a long-term policy. 

Another matter to which Mr. Watkinson 
directed the attention of his hearers was the 
growing need for the utmost goodwill and 
co-operation between managements and work- 
people. 


DRAUGHTSMEN IN CONFERENCE 


As is customary at trade-union conferences, a 
wide range of subjects was on the agenda for 
discussion at the annual meeting of the repre- 
sentative council of the Association of Engi- 
neering and Shipbuilding Draughtsmen, which 
met at Whitley Bay, Northumberland, during 
the four days of the Easter holiday. 

There were a number of motions on wages. 
Several of them, as was to be expected, related 
to the claim which was settled April 6. They 
all demanded the fullest support for the Associa- 
tion’s efforts. The Victoria branch asked for an 
increase of 10s. a week in the London differential, 
in view of the increased cost of fares in the area. 

The Sheffield West and Mayfair branches 
asked for co-ordinated action in support of 
the Association’s policy for three weeks’ holiday 
with pay. Two Scottish branches, Hillington 
and Renfrew, expressed their concern at the 
amount of overtime being worked in industry, 
and three other branches, Newcastle East, 
Glasgow North, and Loughborough wanted 
higher rates of pay for overtime work. 

A resolution put forward by the Medway 
Branch asked the representative council to 
agree that in the engineering industry there were 
more applications for apprenticeship than 
vacancies; that apprentices moved from the 
benches or machines into the drawing office 
made better draughtsmen than trainees; and that 
the Confederation of Shipbuilding and Engineer- 
ing Unions should be approached with a view to 
unions relaxing their rigid quotas for the intake 
of apprentices. 

Hatfield Branch suggested that the Association 
should investigate the advantages that might 
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accrue from a change of name, as the branch 
felt that such action might attract a wider 
membership. 

The Cambridge Branch requested that the 
Association’s journal, The Draughtsman, should 
contain less politics, The Brighton, Middles- 
brough, Northampton and Loughborough 
branches urged a further ballot of the member- 
ship on the question of political action. The 
Association is at present affiliated to the Labour 
Party. 


LIVING COSTS AND APPRENTICES 

In his opening address to the conference, 
Mr. J. L. Mitchell, the Association’s President, 
reviewed recent wage demands by the Associa- 
tion and stressed its insistence on the principle 
of graded increases for its members. 

He affirmed that the Association intended to 
play its part in restoring and maintaining the 
national economy, but said that there was 
dissatisfaction because the Association, in 
company with other craft and semi-professional 
unions, had found itself slipping backwards in 
connection with differentials. 

At one time, the living standards of engineering 
draughtsmen were becoming so little better than 
those of semi-skilled or unskilled manual 
employees that the effort required to learn and 
practise their skill was becoming no more than an 
** academic gratification.” 

In order to obtain more lucrative employment, 
hundreds of technicians left the British engineering 
industry every year, either to take up work 
overseas or to enter other industrial fields in this 
country. 

Boys were not being attracted to apprentice- 
ships in the engineering industry in sufficient 
numbers, partly because, after an extensive 
training, they would be able to earn little more 
than their friends who entered semi-skilled or 
labouring occupations. Trainees did not provide 
an answer to this problem. Although such men, 
who entered drawing offices by means of a 
training scheme, had undoubtedly met the 
requirements of the draughtsman’s craft in some 
cases, the majority had to lean on the qualified 
man. 

An understanding had been reached with the 
Engineering and Allied Employers’ National 
Federation by which it had been agreed that 
the proper training for draughtsmen should 
include a “thorough apprenticeship, with 
technical education and opportunities for uni- 
versity study.” 


WAGE INCREASES 


The employers’ Federation announced on 
April 6 that it had agreed to certain wage 
increases for members of the Association and 
for qualified women tracers. About 50,000 
members of the Association are expected to 
benefit from the higher rates. 

On the same date, the Federation granted 
increases to clerical employees in the engineering 
group of industries. In this instance, the 
increases were due to commence from Monday 
last, April 11. Men aged 25 and over will 
receive an additional 13s. 6d. a week. Younger 
men will get slightly less and women will obtain 
an extra 8s.a week. There w Il be proportionate 
increases for juveniles. 

By an overwhelming majority, a meeting in 
London on April 6, representing dockers 
throughout the country, accepted an offer from 
the National Association of Port Employers of 
an increase of 11s. a week for time-rate employees 
and of a percentage increase for piece-rate 
workers. 

In their claims, the men had asked for a flat 
increase in their existing rate of 24s. a day, with 
proportionate advances for piece-rate workers. 
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NOTICES OF MEETINGS 


Association of Supervising Electrical Engineers 
LONDON 

Discussion on “ Electronic Flash in I eae 

hill, W.C.2. Tues., April 19, 6.30 p 


British Institution of Redio Engineers 
LONDON 
“Suppressed Aerials for the Aircraft High-Frequency Band,” 
y K. J. Coppin. London Section. London School of 
Hygiene and Tropical Medicine, Keppel-street, W.C.1. Wed., 
April 27, 6.30 p.m. 
CARDIFF 
“Some Technical Problems in Sound and Television Broad- 


2 Savoy- 


Lae by Dr. - Sturley. South Wales Section. 
Cardiff College of Technology, Cathays Park, Cardiff. Wed., 
April 27, 6.30 p.m. 
LIVERPOOL 
Annual General Meeting and Film Evening. Merseyside 
Section. Riversdale Technical College, Riversdale-road, 
Liverpool, 19. Thurs., April 21, 7 p.m. 
Chadwick Public Lecture 
CARDIFF 


“The Role of the Public Health Inspector,” by Dr. Neil R. 
Beattie. National Museum of Wales, Park-place, Cardiff. 
Wed., April 20, 3.30 p.m. 


Chemical Society 
MANCHESTER 


One-Day Symposium on ‘“ Organo-Metallic Compounds.” 
Speakers to include Professor K. Siegler, Dr. E. A. Braude, 
Professor G. E. Coates, Dr. J. Chatt, Dr. F. G. Mann and 
Dr. M. C. Whiting. Chemistry Lecture Theatre, The Univer- 
sity, Manchester. Thurs., April 21, 10.30 a.m. and 2.30 p.m, 


Illuminating Engineering Society 


“ Electro-Luminescence,”” by H. C. Bate and J. N. Bowtell. 
Institution of Electrical Engineers, Savoy-place, Victoria- 
embankment, W.C.2. Tues., April 19, 6 p.m. 


LONDON 


BIRMINGHAM 
* The pesies ‘oo Application of Flameproof Lighting Equip- 
ment,” D. trachan. Birmingham Centre. Regent 
House, st Philiip’s: place, Colmore-row, Birmingham. Fri., 
April 22, 6 p.m. 

BRISTOL 


Annual General Meeting. Bath and A aaaous Centre. Royal 
Hotel, Bristol. Fri., April 22, 6.15 p 
LEICESTER 
“* Lamps and Lighting for Inspection,” by H. E. Bellchambers. 
Leicester Centre. Offices of the East Midlands Electricity 
Board, Charles-street, Leicester. Mon., April 25, 6 p.m. 
LIVERPOOL 
“*Modern Developments in Discharge Lighting,” by H. G. 


Jenkins. Liverpool Centre. Liverpool Engineering Society, 
Py Temple, 24 Dale-street, Liverpool. Tues., April 19, 
PRESTON 


Annual General Meeting. North Lancashire Group. Offices 
of the North Western Electricity Board, 19 Friargate, Preston. 
Wed., April 20, 7.15 p.m. 


Incorporated Plant Engineers 
BIRMINGHAM 
Discussion on “‘ Locomotive Testing.” Birmingham Branch. 
Imperial Hotel, Birmingham. Fri., April 29, 7.30 p.m. 
BLACKBURN 
Brains Trust Meeting. Blackburn Branch. 
Hotel, Blackburn. Thurs., April 21, 7.30 p.m. 
DUNDEE 
“The Factories Acts, 1937 and 1948, as They Affect the 
Plant Engineer,” by R. E. Griffith. Dundee Branch. Mathers 
—— Dundee. Mon., April 18, 7.30 p.m. 
GLASGOW 
— tadoctrial Blectrical Installations,” 
Branch. Scottish Building Centre, 
street, Glasgow. Wed., April 20, 7 p.m. 
LEEDS 


Golden Lion 


by F. Jones. Glasgow 
425-427 Sauchiehall- 


West and East 


*“ Admiralty Salvage Work,” by W. D. Miller. 
Mon., April 25, 


Yorkshire Branch. The University, Leeds. 


7.30 p.m. 
ROCHESTER 
“Theory and Practice of Earthing Electrical Equipment,” by 
. Jones. Kent Branch. Bull Hotel, Rochester. Wed., 
April 20, 7 p.m 
SWANSE 


“The Incentive Bonus for Maintenance Work,” by A. J. 
Speakman. South Wales _ Branch. Mackworth Hotel, 
Swansea. Tues., April 19, 7.15 p.m. 


Institute of British Foundrymen 
LONDON 
Annual General Meeting and Apprentices’ Evening. London 
Branch. Waldorf Hotel, Aldwych, W.C.2. Wed., April 27, 
7.30 p.m. 
BRADFORD 
Annual General Meeting. West Riding of Yorkshire Branch. 
ow, Bradford. Sat., April 23, 6.30 p.m. 


Annual General Meeting and Film Evening. Coventry 
Section. Technical Coliege, Coventry. Tues., April 19, 
7.30 p.m. 

IPSWICH 


Annual General Meeting and Film Evening. East Anglian 

Section. Public Library, Ipswich. Tues., April 19, 7.30 p.m. 
MANCHESTER 

Annual General Meeting and Brains Trust. Lancashire 

Branch. Engineers’ Club, Manchester. Sat., April 23, 3 p.m. 


Institute of Fuel 


North-Western Section. Engineers’ 
Wed., April 20, 2.15 p.m. 


MANCHESTER 
Annual General Meeting 
Club, Albert-square, Ma achester. 
(Preceded ro luncheon at 1 p.m.) 
NOTTINGHA 
* Nuclear neees: ” by Professor J. Rotblat. Annual General 
Meeting. East Midland Section. Gas Board’s Showrooms, 
Nottingham, Thurs., April 21, 6.15 p.m. 


Institute of Marine Engineers 


losions in Marine Engines,” by Dr. J. H. 


LONDON 
“ Crankcase Ex 


Burgoyne and Professor D. M. Newitt. Tues., April 19, 
p.m, 
Institute of Metals 
SHEFFIELD 


Film Evening. Sheffield Local Section. University Buildings, 
St. George’s-square, Sheffield. Mon., April 18, 7.30 p.m. 


Institute of Road Transport Engineers 
LONDON 
“Gas Turbines and Their Application to Road Transport,” 


by A. Enticknap. Royal Society of Arts, John Adam-street, 
saa, Aa Thurs., April 21, 6. 30 p.m. 
BIRMINGHA 
hocoaad ee Meeting. Midlands Centre. Crown Inn, 
Broad-street, Birmingham. Tues., April 19, 7.30 p.m 
DURHAM 


Annual Genera! Meeting. North-East England Group. 
Three Tuns Hotel, Darham City. Tues., April 26, 7 p.m. 
GLASGOW 
Annual General Meeting. Scottish Centre. Institution of 
s and Shipbuilders in Scotland, 39 Elmbank-crescent, 
Glasgow, C.2. Mon., April 25, 7.30 p.m. 


Institute of Welding 
LONDON 


Annual General Meeting. North London Branch. 29 Park- 
crescent, W.1. Thurs., April 21, 7.30 p.m. 

GLASGOW 
Annual General Meeting and Film Evening. West of Scotland 
Branch. Institution of Engineers and Shipbuilders in Scotland, 
39 Elmbank-crescent, Glasgow, C.2. Wed., April 20, 7 p.m, 


Institution of Civil Engineers 
LONDON 


is Reconstruction of Quays on the River Great Ouse at King’s 
Lynn,” by D. V. Buck. Maritime Engineering Division. 
Tues., April 19, 5.30 p.m. 
“ Potentialities of the British Railways System as a Reserved 
Deseney System,” by Colonel T. I. Lloyd. Tues., April 26, 
.30 p.m. 
LEEDS 
“Geophysical Surveying Applied to Geological and Engi- 
neering Problems,” by Professor J. T. Whetton. Annual 
General Meeting. Yorkshire Association, Great Northern 
Hotel, Leeds. Fri., April 29, 7 p.m. 


Institution of Electrical Engineers 

LONDON 
Discussion on “ Domestic Circuits and Protection Devices,” 
opened by H. W. Swann. Mon., April 18, 5.30 p.m. 
Discussion on ** The Measurement of Impulse Voltages and 
Currents, with Special .—— to the Testing of Surge 
Diverters,” rape by R. Davis. Measurements Section. 
Tues., April 19, 5.30 p.m. 
vad Study of the Long-Term Emission Behaviour of an Oxide 
Cathode Valve: Part I.—Emission Behaviour of an Oxide 
Cathode on a Platinum Core. Part IIl.—Emission Behaviour 
of an Oxide Cathode on Passive and Active Nickel Cores,” 
by Dr. G. H. Metson. Radio Section. Wed., April 20, 
5.30 p.m. 
Kelvin Lecture on “ Transistor Physics,’ by Dr. W. Shockley. 
Thurs., April 21, 5.30 p.m. 
Discussion on “* Technical Training in North-West Germany,” 
opened by Dr. K. R. Sturley. Education Discussion Circle. 
Fri., April 22, Sp m. 
“The Taming of Graduates,” by J. M. Armstrong. London 
Students’ Section. Mon., April 25, 6.30 p.m. 
** Automatic Circuit Reclosers,” by G. F. Pevison, A. H. 
Pollard and N. Care. Supply Section. Wed., April 27, 
30 p.m. 

BIRMINGHAM 
‘Teaching Matrices to Part-Time Students,” by Dr. W. E. 
Lewis. South Midland Education Discussion Circle. James 
Watt Memorial —- Great Charles-street, Birmingham. 
Fri., April 29, 6.30 

NEWCASTLE-UPO TYNE 
Annual General Meeting and Conversazione. 
Centre. Royal Station Hotel, Newcastle-upon-Tyne. 
April 18, 6.15 p.m. 


Institution of Engineers and Shipbuilders in Scotland 
GLASGOW 
“* Measurement of Ship Screws,” by A. Silverleaf and H. C. 
Garlick. Annual General Meeting. Tues., April 19, 7.30 p.m. 


Institution of Heating and Ventilating Engineers 
LONDON 
Annual General Meeting and Presidential Address. Insti- 
tution of Mechanical Engineers, 1 Birdcage-walk, St. James’s 
Park, S.W.1. Thurs., April 28, 6 p.m. 
GLASGOW 
Annual General Meeting. 
White. Scottish Branch. 
Sauchiehall-street, Glasgow, C.2. 





North-Eastern 
Mon., 


“Radiant Heating,” by F. R. L. 
Scottish Building Centre. 425 
Tues., April 26, 7 p.m. 


Annual General Meeting. Liverpool Branch. Radiant 
House, Bold-street, Liverpool. Tues., April 26, 6.30 p.m. 


Institution of Locomotive Engineers 
LONDON 
“Operation and Running Maintenance of Locomotives on 
the Nigerian Railways,” by F. H. Jaekel. Institution of 
Mechanical Engineers, 1 Birdcage-walk, St. James’s Park, 
S.W.1. Wed., April 20, 5.30 p.m. 


Institution of Mechanical Engineers 
LONDON 


“ Fuel Consumption and the Speed of Rail Transport,’ by 
A. Gilmour; and “ The Pilot Gas-Turbine Locomotive of 
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the Régie Nationale des Usines Renault,” by F. L. > 
hope in conjunction with the Steam Group. Fri., A» rij 2, 


.30 p.m. 
Education Group Discussion Meeting. 
6.45 p.m. 

BIRMINGHAM 
Repetition of Thomas Lowe Gray Lecture on “‘ Some _ actorg 
in the Selection of be meg d for Cargo Liners,” b: 


mander L. Baker. Midland Branch. James Watt M 
a Great Charles-street, Birmingham. Thurs., A »rjj 21, 


6p 

BRISTOL 
“* Matching a Diesel Engine to Light Road Vehick 
M. Vulliamy. Western A.D, Centre. Royal Hotel, 
Thurs., April 28, 6.45 p.m. 

LEEDS 


Wed., Ary ‘il 21, 


2” by 
Tistol, 


Address by the Centre chairman, J. L. Hepworth. 
Eastern A.D. Centre. 


-15 p.m. 
MANCHESTER 
“* Analysis and Presentation of Service Records,” by A. T, 


North. 
The University, Leeds. Wed., A ril 27, 


Wilford. North-Western A.D. Centre. Offices of L Leyland 
Ltd., Manchester. Mon., April 18, 7.15 p.m. 
NOTTI NGHAM 
“* Fatigue of Metals,” by Professor J. A. Pope. East Midlands 
Branch. University, Nottingham. Wed., April 20, 7.30 p.m, 
SWANSEA 


“*Uskmouth Power Station, with Special Reference io the 
Mechanical Plant-and Equipment,” by T. H. Wood. South 
be 3 Branch. Mackworth Hotel, Swansea. Tues., April 19, 
p.m. 
Institution of Mining and Metallurgy 
LONDON 

“Separation of Copper, Nickel and Cobalt by Selective 
Reduction from Aqueous Solution,” by Dr. F. A. Schaufel. 
berger and Dr. T. K. Roy; and “ A Decade of Progress in 
Canadian Mining (1945-54), Part I,” by H. A. Graves, 
Geological Society, Burlington House, Piccadilly, W.1, 
Thurs., April 21, 5 p.m. 


Institution of Production Engineers 
LONDON 
** Electronics in Modern Industry,” by R. H. Booth. London 


Section. Royal Empire Society, Craven-street, W.C.2, 
Thurs., April 21, 7 p.m. 

BIRMINGHAM 
“The Development of Special Machines, with Particular 
Reference to Unit Construction,” by Elkington, 


Birmingham Section. James Watt Memorial Institute, Great 
nn Birmingham. Wed., Apri! 20, 7 p.m. 
“‘ Birth of a Process: Production of Synthetic Alcohol,” by 
H. E. B. Young. Derby Section. Irongates Hotel, Ircngate, 
Derby. Mon., April 18, 7 p.m. 
LUTON 
“Cold Forming of Light Alloys,’ by D. A. Barlow. Luton 
Section. Town Hall, Luton. Tues., April 19, 7.15 p.m, 


Institution of the Rubber Industry 

LIVERPOOL 

Annual General Meeting. Merseyside Section. 

Hotel, Liverpool. Mon., April 18, 6.30 p.m. 
MANCHESTER 

Annual General Meeting. 

Club, Albert-square, Manchester. 
SOUTHAMPTON 

Annual General Meeting and Film Evening. * Southern Section. 

Polygon Hotel, Southampton. Wed., April 20, 7.30 p.m. 


Junior Institution ot Engineers 
LONDON 


“Preliminary Notes on the ‘ Electronic Brain’ 

matic Factory,” by W. F. Kease. Fri., April 22, 7 p.m. 
SHEFFIELD 

“The Organisation of an Engineering Company,” by F. 

Sargeant. Sheffield Section. Livesey Clegg House, Union- 

street, Sheffield. Mon., April 18, 7.30 p.m. 


Reinforced Concrete Association 
BIRMINGHAM 
* Recent Developments in the Technique of Precasting 
Concrete Structures,” by J. A. Derrington. Midland Counties 
Branch. James Watt Memorial Institute, Great Charles- 
street, Birmingham. Fri., April 22, 6 p.m. 


Royal Aeronautical Society 
by Professor W. S. Hemp. 


Bradford 


Manchester Section. Engineers’ 
Mon., April 25, 6.45 p.m, 


in the Auto- 


LONDON 
** Thermoelasticity,” 
April 19, 7 p.m. 
bon Aeronautical Research in Sweden, fe py Major Bo. K. oO. 
Lundberg. Institution of N al s, 1 Birdcage- 
walk, St. James’s Park, S.W.1. = . April 21, 6 p.m. 


Royal Meteorological Society 
LONDON 
Annual General Meeting. Wed., April 20, 5 p.m. 
Women’s Engineering Society 
LONDON 
“Development of Bridges in the United States,” by E. L. 


Kemp. Hope House, Great Smith-street, S.W.1. Wed., 
April 20, 7 p.m. 


Tues., 





The address and telephone number of the headquarters of each institution are given below. Meetings 


in the headquarters town are held there unless otherwise stated. 


Particulars for this column should 


reach the Editor not later than Monday morning in the week preceding the date of the meeting. 


Association of Supervising PU ANah Engines. 23 Bloomsbury- 
uare, London, W.C.1. (LANgham 5927.) 
British institution of Radio po alg 9 Bedford-square, 


London, W.C.1. (MUSeum 1901.) 

Chadwick Trustees, 204 Abbey House, Victoria-street, London, 
S.W.1. (ABBey 6872.) 

oe cue Burlington House, Piccadilly, London, W.1. 
(REGent 06 

Illuminating Engineering Society, 32 Victoria-street, London, 
S.W.1. ADs 5215.) 


Incorporated Plant Engineers, 48 Drury-lane, Solihull, Bir- 
mingham. (Solihull 3021.) 

Institute of British Foundrymen, St. John Street Chambers, 
Deansgate, Manchester 3. (Blackfriars 6178.) 

Institute ‘of Fuel, 18 Devonshire-street, Portland-place, London, 
W.1. (LANgham 7124.) 

Institute of Marine Engineers, 85 The Minories, London, E.C.3. 
(ROYal 8493.) 

Institute of Metals, S.W.1. 
(SLOane 3.) 

Institute of Road Transport Engineers, 


4 Grosvenor-gardens, London, 


69 Victoria-street, 


London, S.W.1. (ABBey 6248.) 
Institute of Weldi 2 Buckingham Palace-gardens, London, 
S.W.1. (SLOane 851.) 
Civil Engineers, Great George-street, London, 


Institution of 
Ss. 


W.1. (WHitehall 4577.) 


Institution’ of Electrical Engineers, Savoy-place, Victoria- 
embankment, London, W.C.2. (TEMple Bar 7676.) 

Institution of Engineers and Shipbuilders in Scotland, 39 Elm- 
bank-crescent, Glasgow, C.2. (Central 5181.) 

Institution of Heating and Ventilating Engineers, 49 Cadogan- 
square, London, S.W.1. (SLOane 3158.) 

Institution of Locomotive Engineers, 28 Victoria-street, London, 
S.W.1. (ABBey 6672.) 

Institution of Mechanical Engineers, 1 Birdcage-walk, St. James's 
Park, London, S.W.1. (WHItehall 7476.) 

Institution of Mining and Metallurgy, Salisbury House, Finsbury- 
circus, London, E.C.2. (NATional 0621.) 

Institution of Production E ers, 10 Chesterfield-street, 
London, W.1. (GROsvenor 5254.) 

Institution of the Rubber Industry, 12 Whitehall, 
S.W. (WHltehall 5012.) 

Junior Institution of Engineers, Pe 
London, S.W.1. (VICtoria 078 

Reinforced Concrete Association, 94-98 Petty France, London, 
S.W.1. (ABBey 4 

Royal Aeronautical Society, 4 Hamilton-place, London, W.1. 
(GROsvenor 3515.) 

Royal Meteorological Society, 49 Cromwell-road, South Ken- 


London, 


ay House, 14 Rochester-row, 


en London, S.W.7. (KENsington 0730.) 
s Engineering Society, 45 Eastcastle-street, London, W.1. 
WeLANghans 9571.) 








